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Motivated by customer 
requirements.... 


..and powered by continuous 
improvement... 


...fiding, leading and pushing 
the wave of technological 
change. 


SERVING A COMPLEX AND 
COMPETITIVE WORLD WITH FIELD- 
PROGRAMMABLE EMBEDDED CONTROL 
SYSTEM SOLUTIONS 


“Microchip Technology draws its impetus from the technol- 
ogy expectations of a large base of long-standing customers. 
Microchip is small enough to respond quickly with technology 
to serve our customers' needs. Moreover, as a fully integrated 
IC manufacturer, Microchip deploys its panoply of resources 
to act timely and efficiently, and on a worldwide scale: Tech- 
nology Development, Design, Wafer Fabrication, Assembly 
and Test, Quality, Reliability and Customer Support. 


“Worldwide competition leaves no room for divergence or medi- 
ocrity. Microchip Technology, committed to focus on and continu- 
ously improve all the aspects of its business, has a unique 
corporate culture. To improve performance, our employees are 
encouraged to analyze their methods continually. Personal 
empowerment expands the capability of personal responsibility to 
continually serve our customers better. 


“Our industry’s life-line is innovation. The fastpace of technologi- 
cal change is inherent in our industry. Microchip Technology has 
accelerated the rate of change of its technology and products to 
leadership in providing user-programmable space-sensitive em- 
bedded control solutions. 


“Change is our ally. Driving and managing customer-focused 
change is our winning strategy.” 


S Sore Sovyhn a 


Steve Sanghi 
President & Chief Executive Officer 
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MicROCHIP INCORPORATED 
Company Profile 
HIGHLIGHTS BUSINESS SCOPE 


Focused on providing high-performance, field- 
programmable embedded control solutions 


An experienced executive team focussed on 
innovation 


e Offers RISC 8-bit user-programmable microcon- 
trollers and supporting logic products 


e Offers Serial and Parallel EEPROMs and 
EPROMs 


¢ Complementary Application Specific Standard 
Products 


e Fully integrated manufacturing 


e A global network of manufacturing and customer 
support facilities 


eA unique corporate culture dedicated to continu- 
ous improvement 


Microchip Technology inc. manufactures and markets a 
variety of VLSI CMOS semiconductor components to 
support the field-programmable embedded control mar- 
ket. In particular, the company specializes in highly 
integrated, field-programmable RISC microcontrollers, 
application specific standard products and related non- 
volatile memory products to meet growing market re- 
quirements for high performance, yet economical em- 
bedded control capability in an increasing number of 
price-sensitive products. Microchip's products feature 
the industry's most economical OTP (one-time program- 
mable) capability, along with the compact size, inte- 
grated functionality, ease of development and technical 
support so essential to timely and cost-effective product 
development by our customers. 


MARKET FOCUS 


Microchip targets selected markets where our advanced 
designs, progressive process technology and industry 
leading operating speeds enable us to deliver decidedly 
superior performance. The company has positioned 
itself to maintain a dominant role as a supplier of high 
performance field-programmable microcontrollers and 
associated memory and logic products for embedded 
control applications. 





Chandler, Arizona: 

_Company headquarters near Phoenix, Arizona; execu- 
tive offices, R & D and wafer fabrication occupy this 
142,000-square-foot facility. 


Tempe, Arizona: 
New 170,000-square-foot wafer fabrication facility. 





© 1994 Microchip Technology Inc. 


DS00027I-page 3 





Microchip Technology Incorporated 








ere ra a On ee ee te EEE nt UE eRnenansanemsnnepasmesonnssuesenetnemnermeerredamnesaenaatimnanne eer =en ne dammeheaetemmmeene” nee enostnenanueatemmean mmEnnemncenneneemmemens 


DS00027!i-page 4 | © 1994 Microchip Technology Inc. 


FULLY INTEGRATED 
MANUFACTURING 


A GLOBAL NETWORK OF 
PLANTS AND FACILITIES 


A PRODUCT FAMILY OF 
SHARED STRENGTHS 


MICROCONTROLLERS 


ROM EPROM 


EEPROM 





High End 
16-Bit 
Instruction 


PICI7CXX | 


3 Mid-Range 
PIC16CXX § 14-Bit 

; F Instruction 
Base-Line 
12-Bit 


PIC16CS5X f 
; Instruction 


Performance ———————_ > 


Onboard Memory Technology ———>> 


CMOS PIC 16/17 
Microcontroller Families 


Microchip Technology Incorporated 


Microchip delivers fast turnaround through total control over all phases of 
production. Research and development, design, mask making, wafer fabrica- 
tion, assembly and quality assurance testing are conducted at facilities 
owned and operated by Microchip. Our integrated approach to manufacturing 
along with rigorous use of advanced statistical process control (SPC) anda 
continuous improvement culture has brought forth tight product consistency 
levels and high yields which enable Microchip to compete successfully in 
world markets. Microchip’s unique approach to SPC provides customers with 
excellent costs, quality, reliability and on-time delivery. 


Microchip is a global competitor providing local service to the world’s 
technology centers. The Company’s focal point is the design and technology 
advancement facility in Chandler, Arizona. Product and technology develop- 
ment is here, along with front-end wafer fabrication and electrical probing. 


In late 1993, Microchip purchased a second wafer fabrication facility in 
Tempe, Arizona - thirteen miles from its existing Chandler, Arizona, opera- 
tions. The additional 170,000 square foot facility will be equipped with 
process equipment for use in meeting future production volumes beyond 
those which could be efficiently produced in Microchip’s single existing wafer 
facility. Initial production from the new Tempe facility is anticipated to begin 
by late 1994. 


Microchip’s assembly and test facility in Kaohsiung, Taiwan houses the 
technology and modern assembly methods necessary for plastic and ceramic 
packaging. Other quality-conscious firms which fabricate wafers in the 
Pacific Rim use Microchip’s Kaohsiung plant for assembly. 


Sales and application offices are located in key cities throughout the Western 
Hemisphere, Pacific Rim and Europe. Offices are staffed to meet the high 
quality expectations of our customers, and can be accessed for technical 
support, purchasing information and failure analysis. 


Microchip’s product focus is CMOS field-programmable microcontrollers, 
non-volatile memories and peripherals, and application specific standard 
products (ASSP). These product lines include PIC16/17 microcontrollers, 
Serial and Parallel EEPROMs, high-speed EPROMs, and peripherals in a 
broad range of product densities, speeds and packages. 


P1C16/17 microcontrollers from Microchip combine high performance, low 
cost and small package size. They offer the best price/performance ratio in 
the industry. Large numbers of these devices are used in automotive and 
cost-sensitive consumer products, computer peripherals, office automation, 
automotive control systems, security and telecommunication applications. 


The widely-accepted CMOS PIC16CXX and PIC17CXX families are the 
industry’s only 8-bit microcontrollers using a high-speed RISC architecture. 
Microchip pioneered the use of RISC architecture to obtain high speed and 
instruction efficiency. The CMOS PIC16CXX family is in high-volume 
production, with more than 60 million units shipped, and has achieved more 
than five thousand design wins worldwide. 


The PIC17CXX family offers the world’s fastest execution performance of any 
8-bit microcontroller family. The PIC17CXX family extends the PIC16/17 
microcontroller’s high-performance RISC architecture with a 16-bit instruc- 
tion word, enhanced instruction set and powerful vectored interrupt handling 
capabilities. The first member of the family, the PIC17C42, includes a 
powerful array of intelligent and precise on-chip peripheral features that are 
ideally suited for many demanding real-time embedded control applications 
including motor control, process control, security, automotive and medical 
applications. In addition, the PiC17C42 can function either as a stand-alone 
microcontroller or can execute instructions from up to 64K words of external 
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DEVELOPMENT SYSTEMS. 


SOFTWARE SUPPORT 


SERIAL EEPROMS | 


PARALLEL EEPROMS 


program memory. The PIC 17C42 features comprehensivetimer/cou nter 
resources and I/O handling capabilities to address the requirements of 
complex embedded control applications. 


Current CMOS PIC16/17 microcontroller product families include ad- 
vanced features such as sophisticated timers, embedded A/D, extended 
instruction/data memory, inter-processor communication and ROM, 
EPROM and EEPROM memories. 


Both PIC 16CXX and PIC 17CXxX families are supported by user-friendly 
development systems including programmers and emulators. 


The PICMASTER™ is an advanced real-time in-circuit emulator system 
using the user-friendly Windows™ software environment. The 
PICMASTER is a Microchip-designed universal emulator for both 
PIC16CXX and PIC17CXX families. The PRO MATE™ is an advanced 
full-featured programmer. PICSTART™ is a low-cost development kit 
which includes an assembler, simulator and programmer. 


Both PIC16/17 microcontroller families are supported by assemblers, 
linker/loaders, libraries and a source-level debugger. The PIC16CXX | 
family is also supported by a software simulator. | 


Customers can obtain on-line updates on Microchip Development Sys- 
tems and Support Software via the Bulletin Board System (BBS). Please 
refer to the Microchip BBS Product brief in Section 9 for specific access 


information. 


Microchip offers one of the broadest selections of CMOS Serial EEPROMs 
on the market for embedded control systems. Serial EEPROMs are 
available in variety of densities, operating voltages, bus interface proto- 
cols, operating temperature ranges and space saving packages. The 


- company has developed the world’s first 64K Smart Serial™ EEPROM 


which currently offers four times the speed, four times the memory and 
four times the heieliieg of any competitive 2-wire Serial EEPROM. 


mm ALLIS hia tm GAY bitn fa nal alidi na, Sm fs 
Device densities range from 256K bits up to 64K bits. In addition to 5 volt- 


only operation, Microchip offers Serial EEPROMs that read and write 
down to 2.5, 2 or 1.8 volts. I?C™, Microwire™ and 4-wire bus interface 
protocols are standard. Devices come in three standard operating 
temperature ranges; commercial, industrial and automotive. Small 
footprint packages include: 8-lead DIP, 8-lead SOIC in JEDEC and EIAJ 
body widths and 14-lead SOIC. Other key features of the Serial 
EEPROM product line include: electrostatic discharge (ESD) protection 
greater than 4K volts and endurance of 100K cycles minimum and one 
million typical. : 


Microchip is a high-volume supplier of Serial EEPROMs to all the major 
markets worldwide, including consumer, automotive, industrial, com- 
puter and communications. To date, more than 100 million units have © 
been produced. Microchip is come to develop additional unique. 
Serial EEPROMs. | 


The CMOS Parallel EEPROM devices from Microchip are available in 
4K, 16K and 64K densities. The manufacturing process used for these 
EEPROMs ensures 10,000 to 100,000 write and erase cycles typically. 
Data retention is more than 10 years. Fast write times are less than 200 
psec. These EEPROMs work reliably under demanding conditions and 
operate efficiently at temperatures from —40°C to +125°C. Microchip’s 
expertise in advanced SOIC, TSOP and VSOP surface mount packaging 
supports our customers’ needs in space-sensitive applications. 
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Typical applications include computer peripherals, engine control, pattern 
recognition and telecommunications. 


EPROMS Microchip’s CMOS EPROM devices are produced in densities from 64K to 
512K. High Speed EPROMs have access times as low as 55 nanoseconds. 
Typical applications include computer peripherals, instrumentation, and 
automotive devices. Microchip’s expertise in Surface Mount Packaging on 
SOIC, TSOP and VSOP packages led to the development of the Surface 
Mount one-time-programmable (OTP) EPROM market where Microchip is 
the #1 supplier today. Microchip is also a leading supplier of low-voltage 
EPROMs for battery powered applications. 





APPLICATION SPECIFIC Microchip’s new Application Specific Standard Product (ASSP) Division 
STANDARD PRODUCTS provides value-added embedded control solutions by combining PIC16/17 

microcontroller architecture with innovative software, silicon and assembly 
(ASSP) technology. These products incorporate technology that will offer a com- 


plete solution that is both unique to the customer and standard in manufac- 
ture to Microchip. The mission of this family is to offer a complete solution 
which reduces or removes the barriers for customers to use Microchip 
solutions in their products through the use of software embedded in secure 
OTP-orROM-based microcontrollers. The family is packaged to provide the 
highest integration to the customer at the best overall system cost. 


The MTA11XXX family is the most accurate and most integrated battery 
management and charging solution available today. The family incorpo- 
rates Microchip/SPAN patented TrueGauge™ technology which digitally 
integrates battery charge and discharge currentto provide an accurate (<3% 
typical) state of charge indication. The family operates with NiCd and NiMH 
battery packs from 3 Vdc to 30 Vdc. These products are ideal for portable 
PC, cellular phone and portable consumer product applications. 


Ease of use, low voltage and low cost make the MTA41XXX mouse and 
trackball MCU firmware solutions ideal for implementing new designs for 
both PCs and Apple®computers. The products in the MTA41XXX family are 
18-lead, low-power CMOS microcontroller ICs combined with application- 
specific software. By adding a few external components, the user can easily 
realize a complete mouse or trackball system. 


The MTA810XX PICSEE™ family of cost-effective system solutions inte- 
grate PIC 16/17 microcontrollers with EEPROM technology. These PICSEE 
devices are ideally suited for automotive security, keyless entry, remote 
control, data acquisition and telecommunication applications. The com- 
bined product assembly techniques provide the user the highest perfor- 
mance solution in a compact and cost-effective package. - 


Future ASSP products will include advanced features such as mixed analog 
and digital capability as well as an ever broadening family of turnkey 
software solutions for the embedded control market. 


OTHER MICROCHIP Other Microchip products, such as Liquid Crystal Display Drivers, are 


PRODUCTS mature products with proven track record anda large, repeat customer base. 

A HISTORY OF Microchip has a long history of innovation in the semiconductor industry. For 
more than a quarter century, Microchip and its former parent company have 

INNOVATION been developers of leading-edge, cost-effective logic and memory prod- 
ucts. 


Microchip is credited with a number of firsts: The Metal-Oxide-Silicon (MOS) 

Integrated Circuit, DRAM, Serial EEPROM, Reduced Instruction Set Com- 

puter (RISC) microcontroller product family, UART, CMOS 64K EEPROM, 

and CMOS single chip DSP are all innovations that were originally devel- 
oped and introduced by Microchip engineers. 
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CHANDLER, AZ FACILITY 





Chandler Wafer Fabrication: Diffusion Area Chandler Wafer Fab: Sub-micron Alignment Area 


TAIWAN FACILITY 


Microchip’s assembly and test operation in Kaohsiung, Taiwan 
received the prestigious Ishikawa Award for assembly and testing 
excellence. 





The Microchip Kaohsiung plant's excellent 
track record and continuing efforts to achieve 
higher levels of quality and technological ad- 
vancementhas resulted in superior yields and 
fast turnaround. 
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FUTURE PRODUCTS AND New process technology is constantly being developed for microcontroller, 
ASSP, EEPROM and high-speed EPROM products. Advanced process 

TECHNOLOGY technology modules are being developed that will be integrated into present 
product lines to continue to achieve a range of compatible processes. Current 
production technology utilizes dimensions down to 0.9 microns. 


Microchip’s research and development activities, include exploring new 
process technologies and products that have industry leadership potential. 
Particular emphasis is placed on products that can be put to work in high- 
performance broad-based markets. 





Equipment is continually updated to bring the most sophisticated process, 
CAD and testing tools on line. Cycle times for new technology development 
are continuously reduced by using in-house mask making, a high-speed pilot 
line within the manufacturing facility and continuously improving methodolo- 
gies. 


More advanced technologies are under development, as well as advanced 
CMOS RISC-based microcontroller, ASSP and CMOS EEPROM and EPROM 
products. Objective specifications for new products are developed by 
listening to our customers and by close cooperation with our many customer- 
partners worldwide. 


QUALITY WITHOUT Product reliability is designed into Microchip products at the outset. Wide 
design margins are established to guarantee that every product can be 

COMPROMISE produced easily, error-free and within the tolerances of the manufacturing 
process. 


All quality assurance tests are tighter than customer specifications. Products 
are tested at least two machine tolerances tighter than those specified by the 
customer. 


Every new product is qualified under accelerated stress testing. Test samples 
encompass the full range of processed tolerances at each step. Data sheets 
detailing these processes enable customers to reach accurate decisions 
based on known quantitative values. 


To determine whether a process is within normal manufacturing variation, 
industry-leading statistical control techniques are put to work at each process 
step. In-process controls are performed by operators in the wafer fabrication 
division and immediate corrective action is taken if they deem a process is out 
of tight control limits. Products are also sampled weekly through a variety of 
carefully monitored stress and accelerated life tests. 


Microchip’s documentation control program assures the correct document is 
always available at the point of use. Active documents are serialized and 
stamped to eliminate the possibility of performing a job from obsolete or 
incorrect instructions. 


Individuals in all departments continuously analyze the methods employed at 
their positions and formulate plans to improve performance. In all areas of our 
business, everyone is expected to make continuous improvement. 


A QUALITY AND Microchip works together with customers to establish mutual programs to 

improve the performance of our products in their systems. We go beyond the 
RELIABILITY ALLIANCE incoming inspection level and specification by extending our quality and 
WITH CUSTOMERS |. reliability supportto the point where the customer ships the system. Microchip’s 


quality programs ensure that our products can be used with such impunity, a 
customer can implement improvement programs based on Microchip as your 
leading supplier. 





© 1994 Microchip Technology Inc. DS00027I-page 9 


Microchip Technology Incorporated 


: F aaa Ea RRsat ee a a mA a SEN: 


DS00027I-page 10 © 1994 Microchip Technology Inc. 


S 








MICROCHIP 
SECTION 2 
8-BIT MICROCONTROLLER 
PRODUCT SPECIFICATIONS 
PIC16/17 PIC16/17 Family of 8-Bit Microcontrollers Cross Reference Guide .......... 2- 1 
PIC16C5X EPROM-Based 8-Bit CMOS Microcontroller Series ................ccccsscsessseeees 2- 3 
PIC16CR54 ROM-Based 8-Bit CMOS Microcontroller ...............ccscccssssesscssssecesssscereeeees 2- 55 
PIC16C54A EPROM-Based 8-Bit CMOS Microcontroller ..............:cccscsssessvesscceessnsecesees 2- 95 
PIC16C58A EPROM-Based 8-Bit CMOS Microcontroller ...............ccccccesssesssscceccsesereeees 2- 137 
PIC16CR57A ROM-Based 8-Bit CMOS Microcontroller .................cccccsssessessssssesssneneeeens 2- 181 
PIC16C64 40-Pin EPROM-Based 8-Bit CMOS Microcontroller ...............cccccccsesssseeees 2- 221 
PIC16C71 8-Bit CMOS EPROM Microcontroller with A/D Converter ............ccsssesseee 2- 327 
PIC16C74 40-Pin EPROM-Based 8-Bit CMOS Microcontroller .............c.cceccsseesssesees 2- 399 
PIC16C84 8-Bit CMOS EEPROM Microcontroller .................ccsccccessscccenecsescessececaeeeees 2- 535 
PIC17C42 High-Performance 8-Bit CMOS EPROM Microcontroller ..............:ssecsees 2- 603 
ae EAS SON In POET ET PE eS RI PIO A EAE EL LE A ND Ee SRS TA DRL SES SOROS Nr OM I SE CN ES Te NE TY 
© 1994 Microchip Technology Inc. DS00018G 


MICROCHIP 





eer PSS SS Pes shes SPSS hss ret 


DS00018G © 1994 Microchip Technology | 


b-o 


ABojouyoe) diyso.91yW\ PEEL © 


| ebed-yzseoesa 








[Crock] —Memoy | ____Pevipheral Features 


















PIC17C42§ 





TMRO, TMR1, SC! Yes|/11 | 33 55 | 40-pin DIP, 44-pin PLCC 
TMR2,TMR3 44 pin QFP 
i a a i 
TMR2 - 6.0 44 pin QFP 
ii li a i a 9 
44 pin QFP 
Fe fe? sor PP? | Le | aap 
TMR2 SCl - 6.0 44 pin QFP 
lk i i a a A -l 
20-pin SSOP 
pee? Les | cotin sop 
20-pin SSOP 
lil a Pa 
20-pin SSOP 
a i al a 
20-pin SSOP 
ee ee 
- 6.25 28-pin SSOP 
a la el AF 
20-pin SSOP 
el ee EE eee 
28-pin SSOP 
cae — 





High-end 


PIC16C64 


PIC16C71 


PIC16C74 


Mid-range 
EEEEEEEEC EEE RI: 
ERLEEREEREEE RS 


PIC16C84 







PIC16C54 0 





PIC16C54A 





PIC16CR54 





PIC16C55 







PIC16C56 


Base Line 


PIC16C57 






> 


PIC16CR57 eee eee: | 28-pin DIP, 28-pin SOIC 
a iad a foe 26 pin SSOP 
2.5 |33 | 18-pin DIP, 18-pin SOIC 2-137 
i LTTE? LE [sas]? | zopn sso 2°" 


t PIC17C42 can concantinate Timer1 and Timer2 to form a 16-bit Timer. TimerO is 16-bit with 8-bit prescaler. 
+ All PIC16/17 Family devices have Power-on Reset, fuse selectable Watchdog Timer, fuse selectable code protect and high output current (20mA source / 25mA sink). 
§ The PIC17C42 can also operate in microprocessor or external microcontroller mode. 
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PIC16C5X 





EPROM-Based 8-Bit CMOS Microcontroller Series 





FEATURES 


High-Performance RISC-like CPU 
Only 33 single word instructions to learn 
All single cycle instructions (200ns) except for 
program branches which are two-cycle 
Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 
12-bit wide instructions 
8-bit wide data path 
512 - 2K x 12 on-chip EPROM program memory 
25 - 72 x 8 general purpose registers (SRAM) 
Seven special function hardware registers 
Two-level deep hardware stack 
Direct, indirect and relative addressing modes for data 
and instructions 


Peripheral Features 

¢ 12-20 1/0 pins with individual direction control 

¢ 8-bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 

e Power-On Reset 


FIGURE A - PIN CONFIGURATIONS 


PDIP, SOIC, 
CERDIP Window 


= 


RA1 <> 

RAO <> 
OSC1/CLKIN~*— 
OSC2/CLKOUT — 
Voo <4+— 

RB7 <> 

RB6 <—- 

RB5 <= 

RB4 ~<a 


OONOO AWN ® 
9S9D91Did 
pSD9LDId 


RA1 <> 

RAO <-> 
OSC1/CLKIN~<t— 
OSC2/CLKOUT —*> 
Vop ~<t— 

Vpp ~#— 

RB7 <->} 

RB6 <-> 

RB5 <> 

RB4 <-> 


| SL ONAN AWHND & 
9S9919Id 
pSO9LDid 
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e Oscillator Start-up Timer 

¢ Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

e Security EPROM fuse for code-protection 

Power saving SLEEP mode 

EPROM fuse selectable oscillator options: 

- Low-cost RC oscillator: RC 

- Standard crystal/resonator: XT 

- High-speed crystal/resonator: HS 

- Power saving, low frequency crystal: LP 


CMOS Technology 
e Low-power, high-speed CMOS EPROM technology 
e Fully static design 
¢ Wide-operating voltage range: 
- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
- Automotive: 2.5V to 6.0V 
e Low-power consumption 
- <2mA typical @ 5V, 4 MHz 
- 15pA typical @ 3V, 32 KHz 
- < SpA typical standby current @ 3V, 0°C to 70°C 


PDIP, SOIC, 
CERDIP Window 


MCLR ~<#— 
OSC1/CLKIN=@— 
OSC2/CLKOUT —> 
RC7 <2 

RC6 <= 

RC5 <> 

RC4 <--> 

RC3 <—- 

RC2 <i—s- 

RC1i <2 

RCO <> 

RB7 <2 

RB6 <t—- 

RB5 <> 


DOAN OA PAN w= 
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MCLR ~<#— 
OSC1/CLKIN=#— 
OSC2/CLKOUT —> 
RC7 = 

RC6 =< 

RC5 <> 

RC4 => 

RC3 => 
RC2~<—- 

RCi = 

RCO <> 

RB7 ~<@—->- 

RB6 <> 

RB5 <t—- 
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1.0 GENERAL DESCRIPTION 


The PIC16C5X from Microchip Technology is a family 
low-cost, high-performance, 8-bit, fully static, EPROM- 
based CMOS microcontrollers. It employs a RISC-like 
architecture with only 33 single word/single cycle in- 
structions to learn. All instructions are single cycle 
(200ns) except for program branches which take two 
cycles. The PIC16C5X delivers performance an order of 
magnitude higher than its competitors in similar price 
category. The 12-bit wide instructions are highly sym- 
metrical resulting in 2:1 code compression over other 
8-bit microcontrollers in its class. The easy to use and 
easy to remember instruction set reduces development 
time significantly. 


The PIC16C5X products are equipped with special 
microcontroller like features that reduce system cost 
and power requirements. The Power-On Reset and 
oscillator start-up timer eliminate the need for external 
reset circuitry. There are four oscillator configurations to 
choose from, including the power-saving LP (Low Power) 
oscillator and cost-saving RC oscillator. Power saving 
SLEEP mode, watchdog timer and code protection 
features improves system cost, power and reliablity. 


The UV-erasable cerdip-packaged versions are ideal for 
code development, while the cost-effective One Time 


TABLE 1.0.1 - OVERVIEW OF PIC16C5X DEVICES 


Package Options 


8L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP 


8L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil), 
8L SOIC (300 mil), 28L SSOP 


8L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP 


28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil), 
28L SOIC (300 mil), 28L SSOP 








[Pane [EPROM | RAM 


= 

| 32x8 | 12 | 
cali al 
: 














oh, 


Nh 


* Including special function registers. 


2.0 ARCHITECTURAL DESCRIPTION 
2.1 Harvard Architecture 


The PIC16C5X single-chip microcomputers are low- 
power, high-speed, full static CMOS devices containing 
EPROM, RAM, I/O and a central processing unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide, while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
- emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 





| 


Programmable (OTP) versions are suitable for produc- 
tion in any volume. The customer can take full advan- 
tage of Microchip’s price leadership in OTP microcon- 
troller while benefiting from the OTP flexibility. 


The PIC16C5X products are supported by an assem- 
bler, a software simulator, an in-circuit emulator and a 
production quality programmer. All the tools are sup- 
ported by IBM PC® and compatible machines. 


1.1 Applications 


The PIC16C5xX series fits perfectly in applications rang- 
ing from high-speed automotive and appliance motor 
control to low-power remote transmitters/receivers, point- 
ing devices and telecom processors. The EPROM tech- 
nology makes customization of application programs 
(transmitter codes, motor speeds, receiver frequencies, 
etc.) extremely fast and convenient. The small footprint 
packages for through hole or surface mounting make 
this microcontroller series perfect for all applications 
with space limitations. Low-cost, low-power, high perfor- 
mance, ease of use and I/O flexibility make the PIC16C5X 
series very versatile even in areas where no 
microcontroller use has been considered before (e.g. 
timer functions, replacement of "glue" logic in larger 
systems, co-processor applications). 








cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PiC16C5X series is given in Figure 2.1.1. 


2.2 Clocking Scheme/instruction Cycle 


The clock input (from pin OSC1) is internally divided by 
four to generate four non overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, PC is incre- 
mented every Q1, instruction is fetched from program 
memory and latched into instruction register in Q4. Itis 
decoded and executed during the following Q1 through 
Q4. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 
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FIGURE 2.1.1 - PIC16C5X SERIES BLOCK DIAGRAM 
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TABLE 2.1.1 - PIN FUNCTIONS 


Name Function 


RAO - RA3 I/O PORTA 
RBO - RB7 /O PORTB 
RCO - RC7 (0 PORTC (C55/57 only) 


RTCC Real Time Clock/Counter 


MCLR Master Clear 
OSC1/CLKIN Oscillator (input) 
OSC2/CLKOUT Oscillator (output) 
Vop Power supply 
Vss Ground ! : 
N/C No (internal) Connection 





2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of up to 80 
addressable 8-bit registers including the I/O Ports, and 
an 8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable while a "banking" scheme, with 
banks of 16 bytes each, is employed to address larger 
_ data memories (Figure 4.2.1). Data can be addressed 
direct, or indirect using the file select register. Immediate 
data addressing is supported by special “literal” instruc- 
tions which load data from program memory into the W 
register. 


RB0-RB7 RCO-RC7 
(PIC16C55/C57 
ONLY) 





The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs) and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the I/O port configuration and the prescaler options. 


2.4 Arithmetic/Logic Unit (ALU) 

The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool-. 
ean functions between data held in the W Register and 


any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


Up to 512 words of 12-bit wide on-chip program memory 
(EPROM) can be directly addressed. Larger program 
memories can be addressed by selecting one of up to 
four available pages with 512 words each (Figure 4.3.1). 
Sequencing of microinstructions is controlled via the — 
Program Counter (PC) which automatically increments 
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FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE 


(RC Mode) 
Fetch INST (PC 


to execute in-line programs. Program control opera- 
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc- 
tions, Cail instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 


3.0 PIC16C5X SERIES OVERVIEW 


A wide variety of EPROM and RAM sizes, number of 
I/O pins, oscillator types, frequency ranges and packag- 
ing options are available. Depending on application and 
production requirements the proper device option can 
be selected using the information and tables in this 
section. When placing orders, please use the "PIC16C5X 
Product Identification System" on the back page of this 
data sheet to specify the correct part number. 


3.1 UV Erasable Devices 


Four different device versions, as listed in Table 1.0.1, 
are available to accommodate the different EPROM, 
RAM , and |/O configurations. These devices are optimal 
for prototype development and pilot series. The desired 
oscillator configuration is EPROM programmable as 
"RC", "XT", "HS" or"LP". An erased device is configured 
as "RC" type by default. Depending on the selected 
oscillator type and frequency, the operating supply volt- 
age must be within the same range as a OTP/QTP part 
would be specified for. 


Execute INST (PC-1) Fetch INST (PC+1) 
pCi xecute INST (PC) 





Execute INST (PC+1) 


3.2 One-Time-Programmable (OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices have the oscillator type pre-config- 
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, Current consumption). 


The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the watch- 
dog timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The 16 special EPROM bits for ID code storage 
are also user programmable. 


uick-Turnaround-Production 
Devices 


Microchip offers aQTP Programming Service for factory 
production orders. This service is made available for ' 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. 





sen amnnemneeeenrnamenemeeetpenemmapsentotempammemmeamammnnenannememmeaemm ine eeceatammememere ere reer airman erase cece oe aN ta aed 
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4.0 OPERATIONAL REGISTER FILES 
4.1 Indirect Data Addressing(INDF) 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the result in W. 


If INDF itself is read through indirect addressing (i.e. 
FSR = Oh), then 00h is read. If INDF is written to via 
indirect addressing, the result will be a NOP. 


4.2 Real Time Clock/Counter Register (RTCC) 


This register can be loaded and read by the program as | 


any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 4.1.1 is a simplified block 
diagram of RTCC. | 


An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the ‘OPTION’ instruction. See Section 7.5 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to RTCC (e.g. CLRF RTCC, or BSF 
RTCC,5, ...etc.) clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 


register determines if RTCC is incremented internally or 
externally. 


=i: Tne ciock source for the ARTCC or the pres- 
caler, ifassigned to it, is the signal onthe RTCC 

pin. Bit 4 of the OPTION register (RTE) deter- 
mines, if an increment occurs on the falling 
(RTE=1) or rising (RTE=0) edge of the signal 
presented to the RTCC pin. 


RTS=0: The RTCC register or its prescaler, respec- 
tively, will be incremented with the internal 
instruction clock (= Fosc/4). The "RTE" bitin the 
OPTION register and the RTCC pin are “don't 
care" in this case. The RTCC pin must not be © 
left floating (tie to either Vop or Vss). This 
prevents unintended entering of test modes 
and to reduce the current consumption in low 
power applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), RTCC 
keeps incrementing and just rolls over when the value 
"FFh" is reached. All increment pulses for RTCC are 
delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as- 
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read- 
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. Timing diagrams in Figure 
4.2.2 show RTCC read, write and increment timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When external clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also, there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1.1, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSoUT to 
be high for at least 2 tosc and low for at least 2 tosc where 
tosc = oscillator time period. 


FIGURE 4.1.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 


fosc/4 


RTCC 


PIN 
RTE 


PROGRAMMABLE 
PRESCALER 


PS2, PS1, PSO 


DATA BUS — 


SYNC WITH 
INTERNAL 
CLOCKS 


(2 CYCLE DELAY) 


PSA 


Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1). 
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FIGURE 4.2.1 - PIC16C5X DATA MEMORY MAP 


FILE 
ADDRESS 7 


6543210 
00 
01 | so rtcc = |] CALLS §. 109987 B65 43210 1009876543210 
ce [moe [w [rc 
c2 

= 76543210 

05 

06 
7 










543210 


OPTION 





08 
09 ; 
OA GENERAL TO AND FROM 
REGISTER FILE 
OB PURPOSE VIA ALU 
0c REGISTER 
oD FILE 
OE 
oe FROM PROGRAM MEMORY 





BIT 6, 5 OF FSR: BANK SELECT 
(PIC16C57 ONLY) 


GENERAL 
PURPOSE GENERAL PURPOSE 


REGISTER REGISTER FILE 


FILE 
(ALL TYPES) (PIC16C57 ONLY) 


(BANK 0) (***) (BANK 1) (***) (BANK 2) (***) (BANK 3) (***) 





3F SF 7F 


(*) NOT APHYSICALLY IMPLEMENTED REGISTER. SEE SECTION 4.0 FOR DETAILS. 
(**) FILE ADDRESS 7h IS A GENERAL PURPOSE REGISTER ON THE PIC16C54/C56 


(***) BANK 0 IS AVAILABLE ON ALL MICROCONTROLLERS WHILE BANK 1 TO BANK 3 ARE ONLY AVAILABLE ON THE 
PIC16C57. (SEE SECTION 4.6 FOR DETAILS) 


a TAI RAT FS FS A IT TE RT PCS A LSPS A A A RS TE, 
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When _no prescaler is used, PsouTt (Prescaler output, 
see Figure 4.1.1) is the same as RTCC clock input and 
therefore the requirements are: = 4 

TRTH = RTCC high time = 2tosc + 20 ns 

TRTL = RTCC low time > 2tosc + 20 ns 


When prescaleris used, the RTCC inputis divided by the - 


asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 

Then: Psout high time = Psout low time = N ¢ TrT/2 
where TRT = RTCC input period and N = prescale value 
(2, 4, ...., 256). The requirement is, therefore N * TRT/2 
> 2 tosc + 20 ns, or TAT > ee . 


The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary, the RTCC input requirements 
are: 


4.3 Program Counter 


_ The program counter generates the addresses for up to 


2048 x 12 on-chip EPROM cells containing the program 
instruction words (Figure 4.3.1). 


Depending on the device type, the program counter and 
its associated two-level hardware stack is 9 - 11-bits 
wide. : | 


TABLE 4.3.1 - PROGRAM COUNTER STACK 


PIC16C54/PIC16C55 
PIC16C56 
PIC16C57 





The program counter is set to all "1"s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: ; 


Tat = RTCC period > (4 tosc + 40ns)/N a) “GOTO instructions allow the direct loading of the 
TRTH = RTCC high time > 10ns lower nine program counter bits (PC <8:0>). Incase | 
TrtL = RTCC lowtime > 10ns. of PIC16C56/PIC16C57, the upper two bits of PC 

(PC<10:9>) are loaded with page select bits PA1, 


Delay from external clock edge: Since the prescaler PAO (bits 6,5 status register). Thus, GOTO allows 

output is synchronized with the internal clocks, there is jump to any location on any page. : 
a small delay from the time the external clock edge b) "CALL" instructions load the lower 8-bits of the PC 
occurs to the time the RTCC is actually incremented. directly, while the ninth bit is cleared to "0". The PC 
Referring to Figure 4.2.3, the reader can see that this value, incremented by one, will be pushed into the 
delay is between 3 tosc and 7 tosc. Thus, for example, stack. In case of PIC16C56, PIC16C57, the upper _ 


measuring the interval between two edges (e.g. period) 2-bits of PC (PC<10:9>) are loaded with Page 
will be accurate within +4 tosc (4200 ns @ 20 MHz). Select bits PA1, PAO (bits 6,5 status register). 


FIGURE 4.2.2A - RTCC TIMING: INT CLOCK/NO PRESCALE 
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c) “RETLW" instructions load the program counter 
with the top of stack contents. 

d) If PC is the destination in any instruction (e.g. 
MOVWF PC, ADDWF PC, or BSF PC,5) then the 
computed 8-bit result will be loaded into the lower 
8-bits of program counter. The ninth bit of PC will be 
cleared. Incase of PIC16C56/PIC16C57, PC<10:9> 
will be loaded with Page Select bits PA1, PAO (bits 
6,5 in status register). 


It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls 
or computed jumps are limited to the first 256 locations 
of any program memory page (512 words long). 


MORE ON PROGRAM MEMORY PAGE SELECT 
(PIC16C56/PIC16C57 ONLY): 


Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in f3 
will not be changed, and the next "GOTO", "CALL", 
“ADDWF PC", "MOVWF PC" instruction will return to the 
previous page, unless the page pre-select bits have 
been updated under program control. For example, a 
"NOP" at location "1FF" (page 0) increments the PC to 
"200" (page 1). A "GOTO xxx" at "200" will return the 
program to address "xxx" on page "0" (assuming that the 
page preselect bits in file register STATUS are "0"). 


Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a "GOTO" instruction at this location will 
automatically cause the program to continue in page 0. 


4.4 Stack 


The PIC16C5X series employs a two-level hardware 
push/pop stack (Figure 4.3.1). 


CALL instructions push the current program counter 
value, incremented by “1", into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent "CALL"s are executed, only the most recent 
two return addresses are stored. 


For the PIC16C56 and PIC16C57, the page preselect 
bits of STATUS will be loaded into the most significant 
bits of the program counter. The ninth bit is always 
cleared to "O" upon a CALL instruction. This means that 
subroutine entry addresses have to be located always 
within the lower half of a memory page (addresses 000- 
OFF, 200-2FF, 400-4FF, 600-6FF). However, as the 
stack has always the same width as the PC, subroutines 
can be called from anywhere in the program. 


RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent "RETLW'"s are 
executed, the stack will be filled with the address previ- 
ously stored in level 2. Forthe PIC16C56 and PIC16C57, 
the return will be always to the page from where the 
subroutine was called, regardless of the current setting 
of the page pre-select bits in file register STATUS. Note 
that the W register will be loaded with the literal value 
specified in the RETLW instruction. This is particularly 
useful for the implementation of "data" tables within the 
program memory. 


FIGURE 4.2.3 - RTCC TIMING WITH EXTERNAL CLOCK 


| Qt 12 1.03 1.04 | G11. G2 103 14 | O11 02108104 | a11@2 108144 | 


EXT CLOCK INPUT OR | 
PRESCALER OUT (NOTE 2) 


EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 


INCREMENT RTCC (Q4) 


RTCC 


Notes: 


' 1 Small pulse 1 


1. Delay from clock input change to RTCC increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 


© 1994 Microchip Technology Inc. 





DS30015K-page 9 





PIC16C5X Series 








FIGURE 4.3.1 - PROGRAM MEMORY ORGANIZATION 


GOTO, CALL, INST WITH PC AS DESTINATION ............... FROM STATUS<6> PIC16C57 ONLY) 


GOTO, CALL, INST WITH PC AS DESTINATION ............... FROM STATUS<5> PIC16C56/C57 ONLY) 
GOTO ........04. ssievduseanecetavehnibenseasternassuasauesyeuseratas DIRECT FROM INSTRUCTION WORD 
\CALL, INST WITH PC AS DESTINATION ......... ALWAYS "0" 
GOTO: CAUD oo ctccctrsch cxceseet cect ce etiee DIRECT FROM INSTRUCTION WORD 
INST WITH PC AS DESTINATION ......... FROM ALU 


) RETLW, CALL 
PC | aio ao | AB | Ac7:0> | pene STACK LEVEL 1 
8 | STACK LEVEL 2 


MAX. EPROM ADDRESS FOR: 








PIC16C54/PIC16C55 
2FF 
PAGE 1 = 
300 
3FF 
—— PIC16C56 
400 


10 4FF 


~~ PIC16C57 
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4.5 STATUS Word Register ) different than intended. For example, CLRF STATUS 
will clear all bits except for TO and PD and then set the 

This register contains the arithmetic status of the ALU, Z bit and leave status register as 000UU100 (where U= 

the RESET status, and the page preselect bits for larger unchanged). 

program memories than 512 words (PIC16C56, 

PIC16C57). It is recommended, therefore, that only BCF, BSF and 


MOVWEF instructions are used to alter the STATUS 


The STATUS register can be destination for any instruc- registers because these instructions do not affect any 


tion like any other register. However, the STATUS bits STATUS bit. 

are set after the following write. Furthermore, TO and 

PD bits are not writable. Therefore, the result of an For other instructions, affecting any STATUS bits, see 
instruction with STATUS register as destination may be Section ‘Instruction Set Summary" (Table 10.0.1). 


FIGURE 4.5.1 - STATUS WORD REGISTER 





RESET CONDITION: 
”) ©» © Oo 4 ) @ PA2,PA1, PAO cleared to '0’. 
}pa2 | pat| pao| TO | PO | z | o | c TO, PD are set or reset as shown in Table 4.5.2.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRY/BORROW BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's complement 
of the second operand. For rotate (RRF, RLF) instructions, this bit 
is loaded with either the high or low order bit of the source register. 


DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: : 
Set to "1" during power up or by a CLRWDT command. This bit 
is reset to "O" by a SLEEP instruction. 


TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "0" by a watchdog timer time out. 


PIC16C54/C55_ - Two general purpose read/write bits 


PIC16C56 : BIT5 ... Page preselect bit 
0 = Page 0 (000 - 1FF) 
1 = Page 1 (200 - 3FF) 


BIT 6 ... General purpose read/write bit 


PIC16C57 : Two page preselect bits 
00 = Page 0 (000 - 1FF) 
01 = Page 1 (200 - 3FF) 
10 = Page 2 (400 - 5FF) 
11 = Page 3 (600 - 7FF) 


BIT 7: General purpose read/write bit 
(reserved for future use) 
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4.5.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 


The Carry bit (C) is a carry out in ‘addition operation 
(ADDWF) and a borrow out in subtract operation 
(SUBWF). 


It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit operation: 








;SUBWF Example #1 
clrf 0x20 


;£(20h) =0 
movlw 1 ;wreg=1 
subwf 0x20 ;£(20h)=f(20h) -wreg=0-1=FFh 


;Carry=0: Result is negative 


;SUBWF Example #2 
movlw OxFF 


movwE£ 0x20 ;f£(20h)=FFh 

clrw ;wreg=0 

subwf— 0x20 ;£(20h)=£(20h) -wreg=FFh- 
Q=FFh 


;Carry=1:Result is positive 
The digit carry operates in the same way as the carry bit, 
i.e. it is a borrow in subtract operation. 


4.5.2 TIME OUT AND POWER DOWN STATUS 
BITS (TO, PD ) 

The TO and PD bits in the STATUS register can be 

tested to determine if a RESET condition has been 

caused by a Watchdog Timer time-out, a power-up 

condition, or a wake-up from SLEEP by the Watchdog 

Wimer or MCLR pin. 


These STATUS bits are only affected by events listed in 
Table 4.5.2.1. 


TABLE 4.5.2. 1 - EVENTS AFFECTING PD/ 
TO STATUS BITS | 


Remarks 


Power-up 


WDT Timeout 
SLEEP instruction 
CLRWDT instruction 


No effect on PD 


Note: | AWDT timeout will occur regardless of the status of the TO 


bit. A SLEEP instruction will be executed, regardless of the 


Status of the PD bit. Table 4.5.2.2 reflects the status of PD 
and TO after the corresponding event. 





TABLE 4.5.2.2 - PD/TO STATUS AFTER | 
RESET 


RESET was caused by 


WODT wake-up from SLEEP 

WDT time-out (not during SLEEP) 
MCLR wake-up from SLEEP 
Power-up 

= Low pulse on MCLR input 





Note: The PD and TO bit maintain their status (X) until an event 
_of Table 4.5.2.1 occurs. A low- 2w-pulse on the MCLR input 


does not change the PD and TO status bits. 





4.5.3 PROGRAM PAGE PRESELECT (PIC16C56, 
PIC16C57 ONLY) : 


Bits 5-6 of the STATUS register are defined as PAGE 
address bits PAO<1:0>, and are used to preselect a 
program memory page. When executing a GOTO, 
CALL, or an instruction with PC as destination (e.g. 
MOVWF PC), PA<1:0> are loaded into bit A<10:9> of 
the program counter, selecting one of the available 
program memory pages. The direct address specified in 
the instruction is only valid within this particular memory 
page. 

RETLW instructions do not ena the page preselect 
bits. 


Upon a RESET condition, PA<2:0> are cleared to "O's. 


4.6 File Select Register (FSR) 
PIC 16C54/C55/C56 


Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling the INDF 
register in any of the file oriented instructions). 


Bits 5-7 of the FSR are read-only and are always read as 
“one's. 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


PIC16C57 ONLY 


Bits 5 and 6 of the FSR select the current data memory 
bank (Figure 4.2.1). 


The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSR (in case 
of indirect addressing) is "0", or bit 4 of the direct file | 
register address of the currently executing instruction is 
"0" (e.g. MOVWF 08). 


Only if bit 4 in the above mentioned cases is "1", bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 


Bit 7 is read-only and is always read as "one." 
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5.0 /O REGISTERS (PORTS) 


The I/O registers can be written and read under program 
control like any other register of the register file. How- 
ever, "read" instructions (e.g. MOVF PORTB,W) always 
read the I/O pins, regardless if a pin is defined as "input" 
or “output.” Upon a RESET condition, all I/O ports are 
defined as "input" (= high impedance mode) as the 1/O 
control registers (TRISA, TRISB, TRISC) are all set to 
“ones." 


The execution of a "TRIS f" instruction with correspond- 
ing “zeros” in the W-register is necessary to define any 
of the !/O pins as output. 


5.1 PORTA 


4-bit I/O register. Low order 4-bits only are used (RAO - 
RA3). Bits 4 - 7 are unimplemented and read as "zeros." 


5.2 PORTB 
8-bit 1/O register. 


5.3 PORT 
PIC16C55/C57: 8-bit I/O register. 
PIC16C54/C56: General purpose register. 


5.4 VO Interfacing 


The equivalent circuit for an I/O port bit is shown in 
Figure 5.4.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond- 
ing direction control bit (in TRISA, TRISB, TRISC) must 
be set to zero. For use as an input, the corresponding 
TRIS bit must be “one". Any I/O pin can be programmed 
individually as input or output. 


FIGURE 5.4.1 - EQUIVALENT CIRCUIT FOR A SINGLE V/O PIN 


FROM 
DATA 
BUS 


"WRITE" 


TO DATA BUS < 


"READ" 


FROM 
W-REGISTER 


"TRIS f" 


"RESET" 





PEEP PP RA A PA A PE PST OSes hind TTT AA 
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5.5 W/O Programming Considerations 


5.5.1 BIDIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of f6 to be read into the CPU. Then the BSF 
operation takes place on bit 5 and PORTB is re-output 
to the output latches. If another bit of PORTB is used as 
a bidirectional I/O pin (say bit 0) and it is defined as an 
input at this time, the input signal present on the pin itself 
would be read into the CPU and re-written to the data 
latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


FIGURE 5.5.2.1 - /O PORT READ/WRITE TIMING 


A pin actively outputting a “O" or “1" should not be driven 
from external devices at the same time in order to 
change the level on this pin (“wired-or", “wired-and"). 
The resulting high output currents may damage the chip. 


5.5.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5.5.2.1). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this I/O port. 


, att a2} ast as! atl cal as} a4! at} cel a3} a4) ai] a2! a3) a4! Note: 


. . i] 
Instruction 1+ MOVWFPORTB 1 MOVFPORTB,W: | 
fetched Write to PORTB ' ReadPORTB ' 
1 { 
' ' t 


PO {PCO CX PCH UK PC H2 PC +3 


RB (7:0) ' Ox 
Port pin ; 


sampled here , 


1 i) 
Execute TPO Execute Execute 
MOVWF PORTB ' MOVF PORTB, W' NOP 





This example shows 
write to PORTB followed 
_ by a read from PORTB. 


NOP 
i 
' | Note that the data setup 
1 
i 
1 
t 


J 
t 
t 
1 
i time = (0.25 TCY - TPD) 
where TCY = instruction 
cycle. Therefore, at 
higher clock frequencies, 


' ; write followed by a read 
may be problematic. 


Cn air nen ieenimnneiemememnemrremnnenpenemummermemmteimenenemmemecammenemnomrcmermrmmeemememememmmmmnioniinemrlienemmeneemnimnememrmrcemmmcermceme cetera nn eae 
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6.0 GENERAL PURPOSE REGISTERS 
PIC16C54/C55/C56: 


f08h-f1Fh: are general purpose register files. 

PiC1 7 only: 

f08h -fOFh: are general purpose register files which 
are always selected, independent of bank 
select. 

f10h-f1Fh: general purpose register files in memory 
bank 0. 

f20h -f2Fh: physically identical to f00 - fOF. 

{30h - f38Fh: general purpose register files in memory 
bank 1. 

f40h-f4Fh: physically identical to f00 - fOF. 

f50h -f5Fh: general purpose register files in memory 
bank 2. 

f60h-f6Fh: physically identical to f00 - f0. 

f70h -f7Fh: general purpose register files in memory 


bank 3. 


7.0 SPECIAL PURPOSE REGISTERS 


7.1 W 


Working Register 


Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 


FIGURE 7.5.1 - OPTION REGISTER 


PRESCALER 


0 
0 
1 
1 
0 
0 
1 
1 


ee ee ee ee ee 
ae . oe ee oe 


7.2 TRISA VQ Control Register For 


PORTA 


Only bits 0 - 3 are available. The corresponding I/O port 
(f5) is only 4-bit wide. 





7.3 TRISB VO Control Register For 
PORTB 

7.4 TRISC V/O Control Register For 
PORTC 


The !/O control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 
A "1" in the I/O control register puts the corresponding 
I/O pin into a high impedance mode. A “O" puts the 
contents of file register PORTA, PORTB, or PORTC, 
respectively, out on the selected I/O pins. 

These registers are “write-only" and are set to all "ones" 
upon a RESET condition. 


7.5 OPTION Prescaler/RTCC Option 


Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is “write-only" and is 6-bit wide. 
By executing the "OPTION" instruction, the contents of 
the “W" register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
“ones." 


RESET VALUE: 111111b 


RTCC RATE | WOT RATE 


ee ee ee ee ee 
ee be oe oe 


PRESCALER ASSIGNMENT BIT: 


0.... RTCC 
1... WOT 


RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 
0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 


Tass 


TRANSITION ON RTCC PIN 





eee ee CIE a RET it RP ES REA TR TE A PPS PEER AS a SS EP A 7 SPSS he TT SS 
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8.0 RESET CONDITION © 


A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input "low", or by 
a Watchdog Timer timeout. The device will Stay in 
RESET as long as the oscillator start-up timer (OST) is 
active or the MCLR input is “low." 





The oscillator start-up timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of Power-On Reset with MCLR tied to Vop the OST 
starts from power-up. In case of WDT time-out, it will 
start at the end of the time-out (since MCLR is high). In 
case of MCLR reset, the OST will start when MCLR goes 
high. The nominal OST time-out period is 18ms. See 
Section 13.0 for detailed information on OST and power 
on reset. 


During a RESET condition the state of the PIC16C5xX is 

_ defined as : 

e The oscillator is running, or will be started (power- 

up or wake-up from SLEEP). 

e All1/O port pins (RAO - RA3, RBO - RB7, RCO - RC7) 
are put into the high-impedance state by setting the 
"TRIS" registers to all "ones" (= input mode). 

e The Program Counter is set to all "ones" (1FFh in 
PIC16C54/55, 3FFh in PIC16C56 and 7FFh in 
PIC16C57). 

e The OPTION register is set to all "ones". 

¢ The Watchdog Timer and its prescaler are cleared. 

e The upper-three bits (page select bits) in the 
STATUS Register are cleared to "zero." 

e "RC" devices only: The "CLKOUT" signal on the 
OSC2 pin is held at a"low" level. 














9.0 PRESCALER 


An8-bit counter is available as a prescaler forthe RTCC, 
oras a post-scaler for the Watchdog Timer, respectively 
(Figure 9.0.1). For simplicity, this counter is being re- 
ferred to as “prescaler* throughout this data sheet. Note 
that there is only one prescaler available which is mutu- 
ally exclusively shared between the RTCC and the 
Watchdog Timer. Thus, a prescaler assignment for the 
RTCC means that there is no prescaler for the Watchdog 
Timer, and vice-versa. | 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 


i MOVLW B'x00x1200' 


When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC,x....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 


_ along with the Watchdog Timer. 


9.1 Switching Prescaler Assignment 
CHANGING PRESCALER FROM RTCC TO WDT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WDT: 


1. MOVLW B'xxOx0xxx' _ ; Select internal clock and select new 


2. OPTION ; prescaler value. If new prescale value 
is = ‘000° or '001', then select any other 
; prescale value temporarily. 

3. CLRF 1 ; Clear RTCC and prescaler. 

4. MOVLW B'xxuxtxxx' —_; Select WDT, do not change prescale 
: value. 

5. OPTION : 

6. CLRWDT; Clears WDT and prescaler. 
: Select new prescale value. 


8. OPTION : 


Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or '001'. 


CHANGING PRESCALER FROM WDT TO RTCC ~ 


To change prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWDT; Clear WDT and prescaler 
2. MOVLWB'xxxxOxxx' _—_; Select RTCC, new prescale value 
; and clock source 


3. OPTION ; 


Ca a nimbmnmnameceseescrnanecomnecnteceee enema emenemmenremnreeepemmepemmememmmmemmnercmemciomemcinernmenenereerareenermmmem urement aT 
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FIGURE 9.0.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 


CLKOUT (=Fosc/4) 
v 1 | 


DATA BUS 


SYNC 


2 RTCC (f1) 
CYCLES 


8-BIT COUNTER 


8-TO-1 MUX 





——— PSO-PS2 


WDT ENABLE 
EPROM FUSE 


WDT 


TIMEOUT 


10.0 BASIC INSTRUCTION SET 
SUMMARY 


Each PIC16CS5xX instruction is a 12-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16C5X instruction set 
summary in Table 10.0.1 lists byte-oriented, bit-ori- 
ented, and literal and control operations. 


For byte-oriented instructions, “f* represents a file regis- 
ter designator and "d" represents a destination designa- 
tor. The file register designator specifies which one of: 
the 32 PIC16C5xX file registers is to be utilized by the 
instruction. For the PIC16C57, bits 5 and 6 in the FSR 
determine the selected register bank. 


The destination designator specifies where the result of 
the operation is to be placed. If “d" is zero, the result is 
placed in the W register. If “d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. 


For literal and control operations, “k" represents an 8- or 
9-bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 





case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 psec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 psec. 


Notes to Table 10.0.1 


Note 1: The ninth bit of the program counter will be 
forced to a “zero” by any instruction that writes 
to the PC except for GOTO (e.g. CALL, 
MOVWF PC etc.). See Section 4.3 on page 8 
for details. 

Note 2: When an1/O register is modified as a function of 
itself (e.g. MOVF PORTB,1 ), the value used 
will be that value present on the pins them- 
selves. For example, if the data latch is “1” for 
a pin configured as output and is driven low by 
an external device, the data will be written back 
with a 'O'. 

Note 3: The instruction “TRIS f" , where f = 5,6, or 7 
causes the contents of the W register to be 
written to the tristate latches of the specified file 
(port). A “one” forces the pin to a high imped- 
ance state and disables the output buffers. 

Note 4: If this instruction is executed on file register 
RTCC ( and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 


er ee vO TS tS SES RAF S-Series ete nS Sneath te, 


© 1994 Microchip Technology Inc. 


DS30015K-page 17 


PIC16C5X Series 





TABLE 10.0.1 - INSTRUCTION SET SUMMARY _ 


(11-6) (5) (4 - 0) 


BYTE -ORIENTED FILE REGISTER OPERATIONS | OPCODE | d | {(FILE#) | 


d = 0 for destination W 
d = 1 for destination f 


Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


0001 11df Add W and f ADDWF f,d W+f-d 

0001 01df AND W and f ANDWF f,d Wé&f—-d 

0000 011f Clear f CLRF 0-f 

0000 0100 Clear W CLRW 0—->W 

0010 O1df Complement f COMF fod 

0000 11d£ Decrement f DECF f-1od 

0010 11df Decrement f,Skip if Zero DECFSZ f-1— 4d, skip if zero 

0010 10df Increment f INCF f+1—d 

0011 11d£ Increment f,Skip if zero INCFSZ f+1-—>d, skip if zero 

0001 00d£ Inclusive OR W and f IORWF Wvf-d 

0010 00d£ Move f MOVF fod 

0000 001f Move W to f MOVWF Wf 

0000 0000 - No Operation NOP - 

0011 01df Rotate left f RLF f(n) — d(n+1), C — d(0), f(7) + C 
0011 00dE£ Rotate right f | RRF f(n) — d(n-1), C - d(7), (0) > C 
0000 10df Subtract W from f SUBWF f-Wod[f+W+1-d] 

0011 10d£ Swap halves f SWAPF {(0-3) <> (4-7) > d 

0001 10d£ Exclusive OR W and f XORWF We fod 


(11-8) (7-5) (4 - O) 
BIT- ORIENTED FILE REGISTER OPERATIONS 


instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


0100 bbbf fffE 4bf Bit Clearf BCF f,b 0 — f(b) None 
0101 bbbf ffff Sbf Bit Setf BSF ssf, bs 1 > f(b) None 
f, b 
f, b 


0110 bbbf fFEF 6bf Bit Test f,Skip if Clear BTFSC Test bit (b) in file (f): Skip if clear None 
0111 bbbf ffff 7bf Bit Testf, Skip if Set BTFSS Test bit (b) in file (f): Skip if set None 


(11-8) (7 - 0) 


LITERAL AND CONTROL OPERATIONS 


Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


1110 kkkk kkkk Ekk AND Literal and W ANDLW 
1001 kkkk kkkk 9kk_ Call subroutine CALL 
0000 0000 0100 004 _ Clear Watchdog timer CLRWDT 
101k kkkk kkkk Akk GoTo address (kis 9 bit) GOTO 
1101 kkkk kkkk Dkk _ Incl. OR Literal and W lORLW 
1100 kkkk kkkk Ckk Move Literal to W MOVLW 
0000 0000 0010 002 _ Load OPTION register OPTION 
1000 kkkk kkkk 8kk _ Return,place LiteralinW RETLW 
0000 0000 0011 003 Go into standby mode SLEEP 
0000 0000 Offf OOF Tristate port f TRIS 
1111 kkkk kkkk Fkk Excl. OR LiteralandW §§XORLW 


k& WoW Z 

PC + 1 — Stack, k —> PC , None 1 
0 — WDT (and prescaler, if assigned) TO, PD 
k—» PC (9 bits) None 
kvW>W Z 

kW None 

W — OPTION register None 

k — W, Stack — PC None 

0 — WDT, stop oscillator TO, PD 
W- |/0 control register f None 3 
k@eW->W Z 





| i ee oD 


Notes: See previous page 
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10.1 Instruction Description 


ADDWE 


Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


ANDLW 


Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


ANDWE 


Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


BCE 


Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


ADD W tof 
ADDWF f,d 


1 

1 
(W+f)->d 
C, DC, Z 


Add the contents of the W register to 
register “f’. If “d’ is 0 the result is stored 
in the W register. {f “d” is 1 the result is 
stored back in register ‘Tf’. 


AND Literal and W 
ANDLW_~ k 


1 
1 
(W .AND. k) — W 
Z 


The contents of W register are AND’ed 
with the 8-bit literal “k”. The result is 
placed in the W register. 


AND W with f 
ANDWF fd 


1 
1 
(W .AND. f) > d 
Z 


AND the W register with register “f’. If “d” 
is 0 the result is stored in the W register. 
If “d” is 1 the result is stored back in 
register “f’. 


Bit Clear f 
BCF f,b 


1 

1 

0 => f(b) 

None 

Bit “b” in register “f’ is reset to 0. 


BSF Bit Set f 

Syntax: BSF f,b 

Encoding: 
Words: 1 

Cycles: 1 

Operation: 1 - f(b) 


Status bits: None 
Description: Bit “b” in register “? is set to 1. 





BTFSC Bit Test, skip if Clear 
Syntax: BTFSC _ f,b 

Encoding: 
Words: 1 

Cycles: 1(2) 

Operation: _ skip if f(b) = 0 


Status bits: None 


Description: _ If bit “b” in register “f” is “O” then the next 
instruction is skipped. 


If bit“b” is “O”, the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in- 
stead making this a two-cycle instruction. 





BIFSS Bit Test, skip if Set 
Syntax: BTFSS _ f,b 

Encoding: 
Words: 1 

Cycles: 1 (2) 

Operation: _ skip if f(b) = 1 


Status bits: None 


Description: If bit “b” in register “P is “1” then the next 
instruction is skipped. 


If bit"b" is "1", the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in- 
stead making this a two-cycle instruction. 


CALL Subroutine Call 
Syntax: CALL kK 


Encoding: 
Words: 1 

Cycles: 2 

Operation: PC +1— TOS; k— PC<7:0>, 


'0' + PC<8>, PA2, PA1, PAO > 
PC<11:9>; 


Status bits: None 
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Description: Subroutine call. First, return address (PC. 


+ 1) is pushed into the stack. The eight bit 
value is loaded into PC bits <7:0>. PC bit 
8iscleared. PA<2:0> bits are loaded into 
PC <11:9>. CALL is a two cycle instruc- 


tion. 
CLRE Clear f 
Syntax: CLRF f 
Encoding: 
Words: 1 
Cycles: 1 


Operation: OOh->f 

Status bits: Z 

Description: The contents of register “f’ are set to 0. 
CLRW Clear W Register 


Syntax: CLRW 





Words: 1 
Cycles: 1 


Operation: OOh—W 

Status bits: Z 

Description: Wregisterediscleared. Zero bit (Z) is set. 
CLRWDT__ Clear Watchdog Timer 


Syntax: CLRWDT 





Encoding: 

Words: 1 

Cycles: 1 | 

Operation: 00h -WDT, 0 — WDT prescaler, 


Status bits: 1—3TO,1—>PD 


Description: CLRWDT instruction resets the Watchdog 
Timer.It also resets the prescaler of the 
-WDT. Status bits TO and PD are set. 


COME | Complement f 
Syntax: COMF 


0010 Oldft | ffff 





DECF Decrement f 


Syntax: DECF fd | 
Encoding: 
Words: 1 

Cycles: 1 


Operation: (f-1) 9d 
Status bits: Z 


Description: Decrementregister ‘f’. If“d” is Othe result 
is stored in the W register. If “d” is 1 the 
result is stored back in register “f’. 


DECFSZ__Decrement f, skip if 0 
Syntax: DECFSZ fd 


Encoding: 
Words: 1 : 
Cycles: 1 (2) 

Operation: (f-1)-—> 4d; skip if result=0 


Status bits: None 


Description: The contents of register “f’ are decre- 
mented. If “d” is 0 the result is placed in 
the W register. If “d” is 1 the result is 
placed back in register “f’. If the result is 
0 the next instruction is skipped. 


If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two- 
cycle instruction. _ 


GOTO Unconditional Branch 
Syntax: GOTO k 


Encoding: 
Words: 1 

Cycles: 2 

Operation: k— PC<8:0>, PA2, PA1, PAO 


— PC<«11:9>; 
Status bits: None 


Description: The low order nine bits come from the 
immediate value. The upper-three bits 





Encoding: © are loaded from the PA <2:0> bits in the 
Words: STATUS register. 
Cycles: 1 INCF Increment f 
Operation: fod Syntax: INCF f,d 
Description: The contents of register “f’ are comple- Words: 1 

mented. If“d” is O the result is stored in W. ; 

If “d” is 1 the result is stored back in Cycles: 1 

register “Tf. Operation: (f+1)—>d 

Status bits: Z 
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Description: The contents of register “f are incre- 
mented. If “d” is 0 the result is placed in 
the W register. If “d” is 1 the result is 
placed back in register “f’. 


INCFSZ increment f, skip if 0 





Syntax: INCFSZ  f,d 

Encoding: 
Words: 1 

Cycles: 1 (2) 


Operation: (f+ 1)—d, skip if result = 0 
Status bits: None 


Description: The contents of register “f’ are incre- 
mented. If “d” is 0 the result is placed in 
the W register. If “d’ is 1 the result is 
placed back in register “f’. If the result is 
0 the next instruction is skipped. 


If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two- 
cycle instruction. 


iIORLW Inclusive OR Literal with W 
Syntax: IORLWsk 


Words: 1 
Cycles: 1 


Operation: (W.OR.k)—>W 
Status bits: Z 


Description: The contents of the W register are OR’ed 
with the 8-bit literal “k”. The result is 
placed in the W register. 


iIORWF Inclusive OR W with f 


Syntax: lIORWF _ fd 

Encoding: 
Words: 1 

Cycles: 1 


Operation: (W.OR.f)-~d 
Status bits: Z 


Description: Inclusive OR the W register with register 
“f’. If “d” is O the result is stored in the W 
register. If“d’ is 1 the resultis stored back 
in register “f’. 


MOVF Move f 


Syntax: MOVF fd 

Encoding: 
Words: 1 

Cycles: 1 


Operation: (f)-d 

Status bits: Z 

Description: The contents of register “f" are moved. If 
“d" is O the result is placed in the W 


register. If “d" is 1 the result is placed 
back in register "f". 


MOVLW___Move Literal to W 
Syntax: MOVLW_ k 

Encoding: 
Words: 1 

Cycles: 1 


Operation: k—~W 
Status bits: None 
Description: The8-bitliteral“k’ is loaded into W register. 


MOVWE Move W to f 
Syntax: MOVWF f 
Words: 1 

Cycles: 1 


Operation: W->f 
Status bits: None 
Description: Move data from W register to register ‘T’. 





NOP No Operation 
Syntax: NOP | 
Words: 1 

Cycles: 1 


Operation: No operation 
Status bits: None 
Description: No operation 





OPTION Load Option Register 
Syntax: OPTION 

Words: 1 

Cycles: 1 


Operation: W — OPTION; 
Status bits: None 


Description: Thecontents of the W register is loaded in 
the OPTION register. 
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RETLW Return Literal to W 
Syntax: RETLW_ k 


Encoding 
Words: 1 
Cycles: 2 


Operation: k —W; TOS —> PC; 
Status bits: None 


Description: The W register is loaded with the eight bit 
literal “k”. The program counter is loaded 
from the top of the stack (the return 
address). This is a two-cycle instruction. 





RLF Rotate Left_f through Car 
Syntax: RLF f,d 

Encoding: 
Words: 1 

Cycles: 1 


Operation: f<n>— d<n+1>, f<7>—C, C > d<0>; 
Status bits: C 


Description: The contents of register “f’ are rotated 
one bit to the left through the Carry Flag. 
If “d” is O the result is placed in the W 
register. If“d” is 1 the result is stored back 





in register “f’. | 
RRF Rotate Right _f through Car 
Syntax: RRF f,d 
Encoding: 
Words: 1 
Cycles: 1 


Operation: f<n> —+d<n-1>, f<0> >C, C—d<7>; 
Status bits: C 


Description: The contents of register “f’ are rotated 
one bit to the right through the Carry Flag. 
if “d” is O the result is placed in the W 
register. If “d” is 1 the result is placed 
back in register ‘fT’. 


SLEEP 

Syntax: SLEEP 

Encoding: 
Words: 1 

Cycles: 1 


Operation: O-PD,1—-> To; 
00h — WDT, 0 —> WDT prescaler; 


Status bits: TO, PD 


Description: The power-down status bit (PD) is cleared. 
Time-out status bit (TO) is set. Watchdog 
Timer and its prescaler are cleared. 


The processor is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 


SUBWF Subtract W fromf 
Syntax: SUBWF fd 


Words: 1 
Cycles: 1 


Operation: (f-W) ~d 
Status bits: C, DC, Z 
;SUBWF Example #1 


clrf 0x20 ;£(20h)=0 

movlw 1 ;wreg=1. 

subwf— 0x20 ;£(20h)=f (20h) -wreg=0-1=FFh 
;Carry=0; Result is negative 


; SUBWF Example #2 | 


movlw OxFF ; | 

movwf 0x20 ;f£(20h)=FFh 

clrw ;wreg=0 

subwf— 0x20 ;£(20h) =£(20h) -wreg=FFh- 

O=FFh 

yCarry=1:Result is positive 

Description: Subtract (2's complement method) the W 
register from register “f’. If “d” is 0 the 
result is stored in the W register. If “d” is 
1 the result is stored back in register “f’. 


SWAPE Swap f 
Syntax: SWAPF fd 


Words: 1 
Cycles: 1 


Operation: f<0:3> — d<4:7>, f<4:7> — d<0:3>; 
Status bits: None 


Description: The upper and lower nibbles of register “f’ 
are exchanged. If “d” is 0 the result is 
placed in W register. If “d” is 1 the result 
is placed in register “f’. 





TRIS Load TRIS Register 
Syntax: TRIS f 

Encoding: 
Words: 1 

Cycles: 1 


Operation: W — TRIS register f; 
Status bits: None 


Description: TRIS register f(f=5, 6 or 7) is loaded with 
the contents of the W register. 
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XORLW Exclusive OR literal with W 

Syntax: XORLW_ k 

Encoding: 

Words: 1 

Cycles: 1 

Operation: (W .XOR.k)—~W 

Status bits: Z 

Description: Thecontents ofthe W register are XOR’ed 
with the 8-bit literal “k”. The result is 
placed in the W register. 

XORWF___Exclusive OR W with f 

Syntax: XORWF fd 

Encoding: 

Words: 1 

Cycles: 1 

Operation: (W .XOR.f)->d 

Status bits: Z 

Description: Exclusive OR the contents of the W reg- 


ister with register “f’. If “d” is O the result 
is stored in the W register. If “d” is 1 the 
result is stored back in register ‘fT’. 


11.0 WATCHDOG TIMER (WDT) 


The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. The WDT can be permanently disabled by 
programming a "zero" into a special EPROM fuse which 
is not part of the normal program memory EPROM. 


11.1 WDT Period 


The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 


The "CLRWDT* and "SLEEP" instructions clear the 
WDT and the prescaler count, if assigned to the WDT, 
and prevent it from timing out and generating a device 
RESET condition. 


The status bit, TO, in the STATUS register, will be 
cleared upon a Watchdog Timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unitto unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 


11.2 WDT Programming Considerations 


It should also be taken in account that under worst case 
conditions (VoD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WOT 
timeout occurs. 


12.0 OSCILLATOR CIRCUITS 


12.1 Oscillator Types 


The PIC16C5X series is available with four different 
oscillator options. On windowed devices, a particular 
oscillator circuit can be selected by programming the 
configuration EPROM accordingly. On OTP and QTP 
devices, the oscillator configuration is programmed by 
the factory and the parts are tested only to the according 
specifications. 


12.2 Crystal Oscillator 


The PIC16C5X-XT, -HS, or LP needs a crystal or ce- 
ramic resonator connected to the OSC1 and OSC2 pins 
to establish oscillation (Figure 12.2.1). XT = Standard 
crystal oscillator, HS = High speed crystal oscillator. The 
series resistor RS may be required for the "HS" oscilla- 
tor, especially at lower than 20 MHz oscillation fre- 
quency. It may also be required in XT mode with AT 
strip-cut type crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing insensitive applications the "RC" device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external R and C components used. Figure 
12.3.1 shows how the R/C combination is connected to 
the PIC16C5X. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 5 
kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 
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See the table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18. 0 for variation of oscil- 
lator frequency due to Vpp for given Rext/Cext values as 
well as frequency variation due to eptenny) temperature 
for given R, C and Vpp values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2.1 for 
timing). 

Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona- 
tor manufacturer for appropriate values of external com- 
ponents. 


FIGURE 12.2.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 


- @-- --& > TO INTERNAL 
LOGIC 


AS may be required in HS and XT modes for AT strip-cut 
crystals to avoid searing. See Tables 12.2.1 and 12.2.2 
for recommended values of C1, C2 per oscillator type and 
frequency. 





TABLE 12.2.1 - CAPACITOR SELECTION 
FOR CERAMIC 
_ RESONATORS 


Oscillator Resonator Capacitor Range 
Type Frequency C1=C2 
XT 455 KHz 150 - 330 pF 
2.0 MHz 
4.0 MHz 


20 - 330 pF 
HS 


























OF: 











FIGURE 12.2.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 


CLOCK FROM : OSC1 
EXT. SYSTEM 


PIC16C5X 


OSC2 





TABLE 12.2.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 


Osc 
Type 
[32 KHz _| 
; 200 - 300 pF 
100 - 200 pF 
15 - 100 pF 
15 - 30 pF 


F 
HS 4 MHz p 
8 MHz 
20 MHz 15 pF 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, the user should consult the | 
crystal manufacturer for appropriate values of external 
components. 


FIGURE 12.3.1 - RC OSCILLATOR 
(RC TYPE ONLY) 


Internal 
clock 


PICI6C5XRC_ | 


OSC2/CLKOUT 


et A STEEP Pte oP WR PPP A A a SE SS SSSR PS TS A ES SSE Nh RON ARACEAE SENSE 
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FIGURE 13.1.1 - EXTERNAL POWER 
ON RESET CIRCUIT 


PIC16C5X 
Notes: 


1. External power on reset circuit is required only if Voo 
power-up slope is too slow or if a low frequency 
crystal oscillator is being used that need a long 


start-up time. The diode D helps discharge the 
capacitor quickly when VDD powers down. 

R < 40 KQ must be observed to make sure that 
voltage drop across R does not exceed 0.2 V (max 
leakage current spec on MCLR pin is 5 pA). A 
larger voltage drop will degrade VH level on MCLR 
pin. 

. R= 100Q to 1KQ will limit any current flowing 
into MCLR from external capacitor C in the 
event of MCLR pin breakdown due to ESD or 
EOS. 


FIGURE 13.1.2 - BROWN OUT PROTECTION 
CIRCUIT 


PIC16C5X 


Notes: 
1. This circuit will activate reset when VDD goes 
below (VZ + 0.7 V) where VZ = Zener voltage. 


FIGURE 13.1.3 - BROWN OUT PROTECTION 
CIRCUIT 


PIC16C5X 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 

R1 


VDDe ———_—- = 0.7 V. 
R1 + R2 : 











13.0 OSCILLATOR START-UP TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 








The OST will also be triggered upon a Watchdog Timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16C5X from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 


13.1 Power-On R POR 


The PIC16C5X incorporates an on chip Power-On Re- 
set (POR) circuitry which provides internal chip reset for 
most power-up situations. To use this feature the user 
merely needs to tie MCLR pin to Vob. A simplified block 
diagram of the on-chip power on reset circuit is shown in 
Figure 13.1.4. The Power-On Reset circuit and the 
oscillator start-up timer circuit are closely related. On 
power-up the reset latch is set and the start-up timer (see 
Figure 13.1.4) is reset. The start-up timer begins count- 
ing once it detects MCLR to be high. After the time-out 
period, which is typically 18ms, it will reset the reset- 
latch and thus end the on-chip reset signal. 








Figures 13.1.5 and 13.1.6 are two power-up situations 
with relatively fast rise time on Vpb. In Figure 13.1.5, 
Vop is allowed to rise and stabilize before bringing 
MCLR high. The chip will actually come out of reset 
tOST ms after MCLR goes high. In Figure 13.1.6, the on 
chip Power-On Reset feature is being utilized (MCLR 
and Vop are tied together). The Vbo is stable before the 
start-up timer times out and there is no problem in getting 
a proper reset. Figure 13.1.7 depicts a potentially 
problematic situation where VDD rises too slowly. In this 
situation, when the start-up timer times out, VoD has not 
reached the VbD (min) value and the chip is, therefore, 
not guaranteed to function correctly. 








To summarize, the on-chip Power-On Reset is guaran- 
teed to work if the rate of rise of VDD is no slower than 
0.05 V/ms. It is also necessary that the VoD starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start-up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 
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FIGURE 13.1.4 - SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 


POWER-UP _—'||_—«~ POR (POWER-ON RESET) 


WDT TIME-OUT 


8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 


CHIP RESET 


INTERNAL POR 


OST TIME-OUT 
INTERNAL RESET eee eee ene 


Note 1: The tost time-out is invoked every time the chip comes out of reset. 





FIGURE 13.1.6 - USING ON-CHIP POR (FAST Vop RISE TIME) 


MCLR 


INTERNAL POR a ee 


aa <—— tost _ — 
OST TIME-OUT 


eee 


INTERNAL RESET 





EE AU PP SSP SE iS AUPE SAE ED SES ASE SE ESSE PEN SE a PRE-SEASON AAGEVSEAD 
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FIGURE 13.1.7 - USING ON-CHIP POR (SLOW Vpp RISE TIME) 


Vop OV 


MCLR 


INTERNAL POR eee | LENE eek (no ev ee 


i<—— tost ——>! 


OST TIME-OUT Seth! CCC ( (tC~*# 
INTERNAL RESET ee ee t—<“—~—s—™S 


14.0 POWER DOWN MODE (SLEEP) 


The power-down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
I/O ports maintain the status they had, before the SLEEP 
command was executed (driving high, low, or hi-imped- 
ance). 


For lowest current consumption in this mode, all I/O pins 
should be either at Vop, or Vss, with no external circuitry 
drawing current from the I/O pin. I/O pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Vpp or Vss_ for lowest 
current consumption. 


The MCTR pin must be at VIHMC. 
14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an externally applied “low" 
pulse at the MCLR pin. In both cases the PIC16C5X will 
stay in RESET mode for one oscillator start-up timer 
period (triggered from rising edge on MCLR or WDT 
timeout) before normal program execution resumes. 


The PD bitin the STATUS register, which is set to one 
during power-on , but cleared by the "SLEEP" com- 
mand, can be used to determine if the processor was 
powered up or awakened from the power-down mode 
(Table 4.5.1.2). The TO bit in the STATUS register can 
be used to determine if the "wake up" was caused by an 
external MCLR signal or a Watchdog Timer timeout. 





When Vb0 rises slowly, the internal time-out period expires long before VpD has reached its final 
value. In this example, the chip will reset property if, and only if, V1= VDDMIN. 





NOTE: Some applications may require external R/C 
networks on the MCLRA pin in order to allow for oscillator 
startup times longer than one OST period. In this case, 
a WDT wake up from power-down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC16C5X will be in RESET only for the Oscillator Start- 
up Timer period. 


15.0 CONFIGURATION FUSES 


The configuration EPROM consists of four EPROM 
fuses which are not part of the normal EPROM for 
program storage. 


Two are for the selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code ~ 
protection fuse. 


OTP or QTP devices have the oscillator configuration 
programmed by the factory and the parts are tested 
accordingly. The packages are marked with the suffixes 
"XT", "RC", "HS" or "LP" following the part number to 
identify the oscillator type and operating range. 


15.1 Customer ID Code 


The PIC16C5X series has 16 special EPROM bits which 
are not part of the normal program memory. These bits 
are available to the user to store an Identifier (ID) code, 
checksum, or other informative data. They cannot be 
accessed during normal program execution. 
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15.2 Code Protection 


The program code written into the EPROM can be 
protected by programming the code protection fuse with 
"0". ; . 

When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 


code can be reconstructed. In addition, all memory 


locations starting at 040h and above are protected 
against programming. 


it is still possible to program locations 000h - O3Fh, the 
ID locations and the configuration fuses. 


Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 


15.2.1 Verifying a Code-protected Part | 

When code protected verifying any program memory 

location will read a scrambled output which looks like 

"O0000000XXXxX" (binary) where X is 1 or 0. To verify a 

device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. ; 

b. Next, blow its code protection fuse and then load its 
contents in a file. | 

c. Verify any code-protected Part against this file. 
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16.0 ELECTRICAL CHARACTERISTICS 











16.1 Absolute Maximum Ratings* *Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress 

Ambient temperature under bias........ 55°C to +125°C rating only and functional operation of the device at those or any 

Storage Temperature ...............ccee - 65°C to +150°C other conditions above those indicated in the operation listings 

Voltage on any pin with respect to Vss of this specification is not implied. Exposure to maximum rating 

(except VoD and MCLAR) .............. -0.6V to Vod +0.6 V conditions for extended periods may affect device reliability. 

Voltage on Vop with respect to Vss............... 0to+7.5V 

Voltage on MCLR with respect to Vss Notes: 1. Total power dissipation should not exceed 800 

CINGIG 2) sss ousceSseveveceisasenvencwcttersaeassayeeaeti Oto +14V mW for the package. Power dissipation is 

Total power Dissipation (Note 1) .............c00 800 mW calculated as follows: 

Max. Current out Of VSS iN .............cecceseseeeees 150 mA Pdis = Vop x {Ipp - X loh} + = {(VDD-Voh) x loh} 

Max. Current into VOD Pin .............scsssseseesseeeens 50 mA + 2 (Vol x lol) 

Max. Current into an input pin ................. ee +500 pA 2. Voltage spikes below Vss at the MCLR pin, 

Input clamp current, liK (Vi<O or Vi>VDD) ........ +20 mA inducing currents greater than 8OmA, may 

Output clamp current, lok (VO<0 or VO>VpDD) . +20 mA cause latch-up. Thus, a series resistor of 50- 

Max. Output Current sinked by any I/O pin....... 25 mA 100Q should be used when applying a “low' 

Max. Output Current sourced by any I/O pin .... 20 mA level to the MCLR pin rather than pulling this 

Max. Output Current sourced by a single pin directly to Vss. 

I/O port (Port A, B, OF C) oo... eee eeeccceneeeseneees 40 mA 

Max. Output Current sinked by a single 

I/O port (Port A, B, Or C)........ eee eecceseeeesseesseeeeees 50mA 


TABLE 16.2 - PIN DESCRIPTIONS 





Function Description 


RAO - RA3 I/O PORTA Four input/output lines. 

RBO - RB7 /O PORTB Eight input/output lines. 

RCO - RC7 I/O PORTC Eight input/output lines, (PIC16C55/C57 only). 

RTCC Real Time Clock/Counter Schmitt Trigger Input. 

Clock input to RTCC register. Must be tied to VSs or VDD if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 
Master Clear Schmitt Trigger Input. 
A "Low" voltage on this input generates a RESET condition 
for the PlC16C5X microcontroller. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to VDD. 
OSC1 Oscillator (input) "XT", "HS" and "LP" devices: Input terminal for crystal, 
| ceramic resonator, or external clock generator. 
"RC* devices : Driver terminal for external RC combination 
to establish oscillation. 

OSC2/CLKOUT Oscillator (output) For "XT", "HS" and "LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin. 


Power supply 
Ground 
No (internal) Connection 
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16.3 DC CHARACTERISTI S: PIC16C5X-RC. XT, HS, LP (Commercial 















DC CHARACTERISTICS, . | Standard Operating Conditions 
POWER SUPPLY PINS _ Operating temperature 0<TA<-+70°C, unless otherwise stated 


Operating voltage VDD = 3.0V to 5.5V unless otherwise stated 
| _ Typ _ 
~ Characteristic (Note 1) | Conditions 


Supply Voltage 
Fosc = DC to 4 MHz 


PIC16C5X-XT 
Fosc = DC to 4 MHz 
1.8 

























PIC16C5X-RC 
PIC16C5X-HS Fosc = DC to 20 MHz 
Fosc = DC to 40 KHz 


PIC16C5X-LP z 
RAM Data Retention VoR Device in SLEEP mode _ oe 
Voltage (Note 3) | 

a See Section 13.1 for details on power on 










Vop start voltage to VPOR 
guarantee power on reset reset 


Voo rise rate to guarantee SVDD 











See Section 13.1 for details on power on 
power on reset 


Supply Current (Note 2) 
PIC16C5X-XT 
PIC16C5X-RC (Note 5) 
PIC16C5X-HS 
PIC16C5X-LP 


Power Down Current 
(Note 4) 
PIC16C5X IPD 





Fosc = 4 MHz, Vop = 5.5V 
Fosc = 4 MHz, Vop = 5.5V 
Fosc =10 MHz, Vdd = 5.5V 
Fosc = 20 MHz, Vob = 5.5V 
Fosc = 32 KHz, VoD=3.0V, WDT disabled 





4 12 pA VpbD = 3.0V, WDT enabled 
VobD = 3.0V, WDT disabled 





 * These parameters are based on characterization and are not tested. 


Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. . 
Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all lbD measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vop, RT = Vop, MCLR = Vpp; WDT 
enabled/disabled as specified. | 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
ir = VDD/2Rext (mA) with Rext in kOhm. | 
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16.4 DC CHARACTERISTICS: PIC16C5XI-RC, XT, HS, LP (Industrial 


DC CHARACTERISTICS, Standard Operating Conditions 
POWER SUPPLY PINS Operating temperature -40 < Ta < +85°C, unless otherwise stated 
Operating voltage VpbD = 3.5V to 5.5V unless otherwise stated 


Characteristic Conditions 


Supply Voltage 
PIC16C5X-XT 
PIC16C5X-RC 
PIC16C5X-HS 
PIC16C5X-LP 

RAM Data Retention 
Voltage (Note 3) 


Vop start voltage to 
guarantee power on reset 
Vop rise rate to guarantee 
power on reset 

Supply Current (Note 2) 
PIC16C5X-XT 
PIC16C5X-RC (Note 5) 
PIC16C5X-HS 


Fosc = DC to 4 MHz 
Fosc = DC to 4 MHz 
Fosc = DC to 20 MHz 
Fosc = DC to 40 KHz 


Device in SLEEP mode 


See section 13.1 for details on power on 
reset 
See section 13.1 for details on power on 
reset 


Fosc = 4 MHz, VbpD = 5.5V 
Fosc = 4 MHz, VoD = 5.5V 
Fosc = 10 MHz, VoD = 5.5V 





Fosc = 20 MHz, VoD = 5.5V 
PIC16C5X-LP Fosc = 32 KHz, VoD = 3.0V, WDT disabled 
Power Down Current 
(Note 4) 
PIC16C5X VDD = 3.0V, WDT enabled 
VpbD = 3.0V, WDT disabled 





* These parameters are based on characterization and are not tested. 


Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 
Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
Current consumption. 
a) The test conditions for all lbDD measurements in active operation mode are: 
OSC1= external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT = Vop, MCLR = Vop; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which VpbD can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = VoD/2Rext (mA) with Rext in kKOhm. 


Ea a PC SEP SS ET SS ARPT 
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16.5 D 


DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Characteristic 


Supply Voltage 
PIC16C5X-XT 
PiIC16C5X-RC 
PIC16C5X-HS 
PIC16C5X-LP 

RAM Data Retention 
Voitage (Note 3) 

Vop start voltage to 
guarantee power on reset 
Vop rise rate to guarantee 
power on reset 

Supply Current (Note 2) 
PIC16C5X-XT 
PIC16C5X-RC (Note 5) 
PIC16C5X-HS 


PIC16C5X-LP 

Power Down Current 
(Note 4) 

PIC16C5X 


Standard Operating Conditions © 
Operating temperature -40 < TA < +125°C, unless otherwise stated 
Operating voltage VpD = 3.5V to 5.5V unless otherwise stated 


V/ms 


CHARACTERISTICS: PIC16C5XE-RC, XT. HS, LP (Automotive) 





Fosc = DC to 4 MHz 
Fosc = DC to 4 MHz 
‘Fose = DC to 20 MHz 
Fosc = DC to 40 KHz 


Device in SLEEP mode . 


See section 13.1 for details on power on 
reset 


See section 13.1 for details on power on 
reset 


Fosc = 4 MHz, Vop = 5.5V 

Fosc = 4 MHz, Vop = 5.5V 

Fosc = 10 MHz, VpD = 5.5V 

Fosc = 16 MHz, Vpp = 5.5V : 
Fosc = 32 KHz, VoD = 3.25V, WDT disabled! 


Vpb = 3.25V, WDT enabled 
Vpbd = 3.25V, WDT disabled 





* These parameters are based on characterization and are not tested. 


Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. | : 

a) The test conditions for all lbp measurements in active operation mode are: | 
OSC 1= external square wave, from rail to rail; all /O pins. tristated, pulled to VoD, RT = Vop, MCLR = Voo; WDT 
enabled/disabled as specified. as 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. 

The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir = Vod/2Rext (mA) with Rext in kKOhm. a 


Note 1: 


Note 2: 


Note 3: 
Note 4: 


Note 5: 
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16.6 DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP rcial 
PIC16C5XI- T LP (in i 


DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 


ALL PINS EXCEPT POWER SUPPLY Operating temperature -40 < TA < +85°C for industrial 
and 0°C < TAs +70°C for commercial 
Operating voltage Vop range as described in DC spec tables 


16.3 and 16.4 
Characteristic Typ Conditions 
(Note 1) 
Pin at hi-impedance 


Input Low Voltage 
I/O ports 

MCLR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 


0.2 VoD 
0.15 VpD 


0.15 Vop 
0.15 Vob 
0.3 VoD 


PIC16C5XRC only (Note 5) 
PIC16C5X-XT, HS, LP 





For all Vo (Note 6) 
4.0 V < Vop < 5.5 V (Note 6) 
Vop > 5.5 V 


PIC16C5X-RC only (Note 5) 
PIC16C5X-XT, HS, LP 
For Vpop < 5.5V 


c<<<<<< ke<<<< | §! 


input Leakage Current 
(Notes 3, 4) 
| I/O ports 


Vss < VPIN s VDD, 

Pin at hi-impedance 
VPIN = VSS + 0.25V 
VPIN = VDD 

Vss s VPIN < VDD 

Vss < VPIN < VDD , 
PIC16C5X-XT, HS, LP 


MCLR 
MCLR 
RTCC 
OSC1 


Output Low Voltage 
VO Ports 
OSC2/CLKOUT 
PIC16C5X-RC 
Output High Voltage 
I/O Ports (Note 4) IOH = -5.4 mA, VDD = 4.5V 
OSC2/CLKOUT loH = -1.0 mA, VoD = 4.5V 
(PIC16C5X-RC) 


loL = 8.7 mA, VoD = 4.5V 
IOL = 1.6 mA, VOD = 4.5V 


input High Voltage 
I/O ports VIH 0.45 Vpp 
2.0 
0.36 Vop 
MCLR (Schmitt trigger) 0.85 VpD 
RTCC (Schmitt trigger) 0.85 VoD 
OSC1 (Schmitt trigger) 0.85 VoD 
OSC1 





Note 1: Data in the column labeled "Typical" is based on characterization results at 25 °C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4: Negative current is defined as coming out of the pin. | 

Note 5 : For PIC16C5XRC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C5X 
be driven with external clock in RC mode. a 

Note 6: The user may use better of the two specifications. 
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16.7 DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (Automotive 








DC CHARACTERISTICS, | Standard Operating Conditions (unless otherwise stated) 
ALL PINS EXCEPT POWER SUPPLY _ Operating temperature -40<TA<+125°C. 

| Operating voltage Vop range as described in DC spec tables 
16.3 and 16.4 


| Typ Conditions | 
(Note 1) : 





Characteristic 
































Input Low. Voltage . | 
/O ports VIL 0.15Vpp | V_ | Pinathigh-impedance 
MCLR (Schmitt trigger) 0.15 Vob V 
RTCC (Schmitt trigger) 0.15 VoD V Fax? 
OSC1 (Schmitt trigger) 0.15 Vob V PIC16C5XRC only (Note 5) 
OSC1 7 0.3 Vob V_ | PIC16C5X-XT, HS, LP | 
Input High Voltage 
/O ports VIH 0.45 Vop V_ | Forall Vpp (Note 6) 
| | 2.0 Ve rey ese wNe ey 
| 0.36 Vop V Vop > 5.5 V . 
MCLR (Schmitt trigger) 0.85 Vpp V 
RTCC (Schmitt trigger) 0.85 Vop V | , 
OSC1 (Schmitt trigger) 0.85 Vop V PIC16C5X-RC only (Note 5) 
OSC1 0.7 VoD V | PIC16C5X-XT,.HS, LP | 
input Leakage Current For Vop < 5.5V 
(Notes 3, 4) 
I/O ports Hit -1 0.5 +1 uA | Vss < VPIN < VbD, 

_| Pin at hi-impedance 
MCLR -5 uA | VPIN= Vss + 0.25V 
MCLR 0.5 +5 vA |} VPIN= VDD 
RTCC 3 0.5 +3 uA | Vss< VPiIN < VOD 
OSC1 -3 0.5 +3 pA | Vss<VpPINS< VoD, 


PIC16C5X-XT, HS, LP 










Output Low Voltage 
/O Ports 

OSC2/CLKOUT 
(PIC16C5X-RC) 











lot = 8.7 mA, VoD = 4.5V 
lo. = 1.6 mA, Vobd = 4.5V © 


VOL 0.6 V 
0.6 V 


Note 1: Datain the column labeled “Typical” is based on characterization results at 25 °C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. | 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. | 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

| represent normal operating conditions. Higher leakage current may be measured at different input vellages: 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : For PIC16CSXRC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C5X 
be driven with external clock in RC mode. 

Note 6: The user may use better of the two specifications. 


Output High Voltage 
I/O Ports (Note 4) 

OSC2/CLKOUT 
(PIC16C5X-RC) 


IOH = -5.4 mA, VDD = 4.5V 
IOH = -1.0 mA, VDD = 4.5V 
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16.8 AC CHARACTERISTICS: PIC1 : P rcial 
IC1 [- T. P (In rial 
| - T,H Pp i 








Standard Operating Conditions (unless otherwise stated) 
Operating temperature TA = -40°C to +85°C (industrial), 

Ta = -40°C to +125°C (automotive) and 0°C < Ta < +70°C (commercial) 
Operating voltage VoD range as described in DC spec tables 16.3 and 16.4 


Conditions 


AC CHARACTERISTICS 
















fn. | mode 

XT mode 

HS mode (Com/Ind) 
HS mode (Automotive) 
LP mode 

RC mode 

XT mode 


External CLOCKIN 
Frequency (Note 2) 











Oscillator Frequency 
(Note 2) 







HS mode (Com/Ind) 
HS mode (Automotive) 
LP mode 

RC mode 

XT mode 

HS mode 

LP mode 


Note 3 
Note 3 


Note 3 
Note 3 





Instruction Cycle Time 
(Note 2) 














External Clock in Timing 
(Note 4) 

Clock in (OSC1) High or Low Time 
XT oscillator type 

LP oscillator type 

HS oscillator type 

Clock in (OSC1) Rise or Fall Time 
XT oscillator type 

LP oscillator type TCKRFLP 
HS oscillator type nag 


RESET Timing 
MCLR Pulse Width (low TMCL — 





















TCKHLXT 
TCKHLLP 
TCKHLHS 













TCKRFXT 






RTCC Input Timing, No Prescaler 
RTCC High Pulse Width TRTH 0.5 estan 20* 
RTCC Low Pulse Width TRTL 0.5 Tcy+ 20* 


RTCC input Timing, With Prescaler 
RTCC High Pulse Width 
RTCC Low Pulse Width 
RTCC Period 





TRTH 
TRTL 
TRTP 







Note 3. Where N = prescale 
value (2,4, ..., 256) 


Vop = 5.0V 


Vpb = 5.0V 


CLKOUTL (RC Mode) 
* Guaranteed by characterization, but not tested. (Notes on next page) 
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Watchdog Timer Timeout Period 
(No Prescaler) 
Tost 
1/0 Timing 
1/0 Pin Input Valid Before 
CLKOUTT (RC Mode) 

1/0 Pin Input Hold After 
CLKOUTT (RC Mode) 

1/0 Pin Output Valid After 















asa oS 3 Ai 
anna ” ” 
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NOTES TO TABLE 16.8: | , Ae result in an unstable oscillator operation and/or higher than ex- 
pected current consumption. All devices are tested to operate at 
‘min." values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle time limit 
is "DC* (no clock) for all devices. 
3. Fora detailed explanation of RTCC input clock requirements see 


1. Data in the column labeled ‘Typical" is based on characterization 
results at 25°C. This data is for design guidance only and is not 
tested for, or guaranteed by Microchip Technology. 

2. Instruction cycle period (Tcy) a four times the input oscillator 
time base period. 


section 4.2.1. 
All specttied values aré based on characterization data for that 4. Clock-in high-time is the duration for which clockinputis at VIHOSC 
particular oscillator type under standard operating conditions with or higher. 
the device executing code. Exceeding these specified limits may Clock-in low-time is the duration for which clock input is at VILOSC 
or lower. 


16.9 Electrical Structure of Pin 17.0 TIMING DIAGRAMS 


FIGURE 16.9.1 - ELECTRICAL FIGURE 17.0.1 - RTCC TIMING 
STRUCTURE OF I/O PINS (RA, RB, RC) 





FIGURE 16.9.2 - ELECTRICAL _ 
STRUCTURE OF MCLR AND RTCC PINS . 


LL 

lL 
Schmitt tor 
Input buffer 


t 
RESET —————_~) FETCH 1.INSTRUCTION | FETCH 2. INSTRUCTION | 
| EXECUTE "FORCED" NOP ; EXECUTE 1. INSTRUCTION © 





Notes to Figures 16.9.1 and 16.9.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect against ESD 
(Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect the input buffer from ESD. 


FIGURE 17.0.3 - INPUT/OUTPUT TIMING FOR I/O PORTS (PIC16C5XRC*) 


OSC2/ | 
CLKOUT 


t 
'——— Tds me 


INPUT LLL (wai WELLE 
‘Tp | ‘Ted 


i] 
ouput ————{ OOOO 
oes HIGH - Z : 


* The CLKOUT output is available only on PIC16CS5XRC devices. 
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18.0 DC AND AC CHARACTERISTICS GRAPHS/TABLES: 


The graphs and tables provided in this section are for FIGURE 18.0.1 - TYPICAL RC OSCILLATOR 
design guidance and are not tested or guaranteed. In FREQUENCY vs. 
some graphs or tables the data presented are outside TEMPERATURE 


specified operating range (e.g. outside specified Vop 
range). This is for information only and devices are 
guaranteed to operate properly only within the specified 
range. 






FREQUENCY NORMALIZED TO +25°C 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over a 
period of time. ‘Typical’ represents the mean of the 
distribution while 'max' or 'min' represents (mean + 30) 
and (mean - 30) respectively where o is standard 
deviation. 


FIGURE 18.0.2 - TYPICAL RC OSCILLATOR FIGURE 18.0.3 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp* FREQUENCY vs Vop* 


Freq. (Mhz) 


“— 
N 
= 
= 
—* 
o 
a 
re) 
ire 


PT UTE TN | 
BRINE 
LETT A 
PP 





EEE 





Ln eis 
tet Tey tT yt 
tet yt | Ty tp 





4.0 4.5 5.0 5.5 6.0 
Vob (Volts) 


3.0 3.5 4.0 
VD (Volts) 





* Measured on DIP packages. | * Measured on DIP packages. 
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FIGURE 18.0.4- TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp* 


NN 
< 
x 
NS 
2 
Oo 
Li 


VoD (Volts) 


* Measured on DIP packages. 


FIGURE 18.0.5 - TYPICAL Ipd vs Vop 
WATCHDOG DISABLED 25°C 
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TABLE 18.0.1 - RC OSCILLATOR 
FREQUENCIES* 


| ' Average 
Fosc @ 5V, 25°C 
RELOAD CESAR OS ET SMREMEY [Fier t AD age ESE SIA NEPEAN (NS OR IEEE IN EEE 


— 20pF 4.973 MHz + 27% 


3.82 MHz + 21% 
100k 
100pF | 3.3k 
5k 
10k 
100k 



















(2.22 MHz +21% 
262.15 KHz + 31% 
1.63 MHz 
1.19 MHz 
648.64 KHz 
71.56 KHz 
660.0 KHz 
484.1 KHz 
267.63 KHz 
29.44 KHz 




















* Measured on DIP packages. 


The percentage variation indicated here is part to part 
variation due to normal process distribution. The varia- 
tion indicated is +3 standard deviation from average 
value for VoD = 5V. 


FIGURE 18.0.6 - TYPICAL Ipd vs Vop 
WATCHDOG ENABLED 25°C 


VoD (Volts) 
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FIGURE 18.0.7 - MAXIMUM ipd vs Vop FIGURE 18.0.8 - MAXIMUM Ipd vs Vop 
WATCHDOG DISABLED WATCHDOG ENABLED* 
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* IPD, with watchdog timer enabled, has two components: The leakage current which increases with higher temperature and the 
operating current of the watchdog timer logic which increases with lower temperature. At -40°C, the latter dominates explaining the 
apparently anomalous behavior. 


FIGURE 18.0.9 - VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs Vop 


VTH (Input threshold voltage) of I/O pins 


VTH (volts) 


Vop (volts) 
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FIGURE 18.0.10 - Vin, Vit OF MCLR, RTCC AND OSC1 (IN RC MODE) vs Vop 
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Note: These input pins have Schmitt trigger input buffer. 





FIGURE 18.0.11 - VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP 
_ MODES) vs Vop 


Vob (volts) 
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FIGURE 18.0.12 - TYPICAL IpD vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 18.0.14 - MAXIMUM Ipp vs FREQ (EXT CLOCK, -55° to +125°C) 
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FIGURE 18.0.15 - WDT Timer Time-out Period 
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FIGURE 18.0.17 - Transconductance (gm) of FIGURE 18.0.18 - Transconductance (gm) of 
LP Oscillator vs Vpp XT Oscillator vs Vop 
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FIGURE 18.0.21 - lot vs VoL, Vop = 3V 


VoL (Volts) 


TABLE 18.0.2 - INPUT CAPACITANCE FOR 
PIC16C54/56 * 









Typical Capacitance (pF) 


18L PDIP — 










Pin Name 





18L SOIC 










RA port 
RB port 
MCLR 
OSC1 
OSC2/CLKOUT 
RTCC 


All capacitance values are typical at 25°C and mea- 
sured at 1 MHz. A partto part variation of +25% (three 
standard deviations) should be taken into account. 





FIGURE 18.0.22 - loL vs VoL, Vop = 5V 
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TABLE 18.0.3 - INPUT CAPACITANCE FOR © 
PIC16C55/57 * 







Typical Capacitance (pF) 






Pin Name 











RA port 
RB port 
RC port 

MCLR 

OSC1 
OSC2/CLKOUT 
RTCC 
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19.0 PACKAGING INFORMATION 
See Section 11 of the Data Book. 





19.1 Package Marking Information 
18L PDIP Example 
PIC16C56- 
RCI/P456 
ASN\9123 CBA 
18L SOIC Example 
MMMMMMMMM PIC16C54- 
MMMMMMMMM XTI/S0218 
HAS AaBB CDE A0118 CDK 





28L SOIC Example 


X 
XXXXXXXXXXXKXXXXKXKXX 


PIC16C57-XT/SO 


ASN AABB CDE Si 9051 cBK 


28L PDIP (.300 mil) Example 


XXXXXXXXXXKXKXKKX 
XXXXXXXXXXXKKKK 
AS\AABB CDE 





PIC16C56- 
RCI/P456 
AN 9123 CBA 





28L SSOP Example 


PIC16C57-XT 


f9225 cBK 





Example 


PIC16C54 
XTI/218 


089051 cBP 





Microchip part number information 

Customer specific information* 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 

Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 





*Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are incuded in QTP price. 
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19.1 Package Markl Information (Cont. 
28L PDIP (.600 mil) Example 


XX PIC16C55- 
MMMMMMMMXXXXXXX 


 XXXXXXXXXXXXXXX 


XTI/P126 
mw 9042 CDA C) 


Microcap 


eens ae 





18L Cerdip | | Example 
SS 
28LCerdip 


KR 


MICROCHIP 


PIC16C54| - 


9101 CBA 





MICROCHIP 


PIC16C57 


9038 CBA 


AM... Microchip part number information 
XX...X Customer specific information” 


















AA | Year code (last 2 digits of calendar year) 

BB Week code (week of January 1 is week '01') 

Cc Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country of origin in which 


part was assembled. 









Note: 





In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, certain 
price adders apply. Please check with your Microchip Sales Office. For QTP 
devices, any special marking adders are included in QTP price. 
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20.0 DEVELOPMENT SUPPORT 


20.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


e PICMASTER™ Real-Time In-Circuit Emulator 
PRO MATE™ Universal Programmer 
PICSTART™ Low-Cost Prototype Programmer 
Assembler 

Software Simulator 


20.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5xX, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT® class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows® 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 


e Emulator Control Pod 
e Target-Specific Emulator Probe 
e PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DDE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DDE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., asystem containing a PIC16CXX processor anda 
PIC17CXX processor). 


20.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vop and VpP sup- 
plies which allows it to verify programmed memory at 
VbDD min and Vpb max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 





FIGURE 20.2 - PICMASTER SYSTEM CONFIGURATION 


5V In-Line 
Power Supply | 90-250 VAC 
(Optional) 


Power Switch 
Power Connector 


interchangeable 
Emulator Probe 





oe 


1 hy 


PICMASTER Emulator Pod Logic 


Common interface Card ff IVY .e 
Probes WY AMAA \ 
[ % XN 


PC Compatible Computer ; 
(ATASA Bus) (for Industry Standard Architecture) 
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in PC-hosted mode, the PRO MATE connects to the PC © 
via one of the COM (RS232) ports. A PC based user- - 


interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VoD min, VoD max and Vpr levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 


read, verify, program, blank check can be issued from | 


the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular “ programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16CS5X, PIC16CXX and 
PIC17CXX processors. 


20.4 PICSTART™ pesapaniee 
The PICSTART™ programmer is an easy to use, very 


low-cost prototype programmer. It connects to the PC 


via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 


20.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports. all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's de elepmem tools as well as third pany 







Allows full symbolic debugging from the Micro- 
liversal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. — 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


e Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. | 


e Supports Hex (default), Decimal and Octal source | 


- and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


e Data Directives are those that control the allocation 


of memory and provide a way to refer to data items | 


symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


e Control Directives permit sections of conditionally .. 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


20. 6 Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi- pose software devel- 
opment tool. 


20.7 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 19-1: 


TABLE 20-1: DEVELOPMENT SYSTEM 
PACKAGES 


item | Name System Description 


PICMASTER™ | PICMASTER In-Circuit Emulator 
with vour choice of Target Probe, 
PRO MATE Programmer, 
Assembler, Software Simulator and 


Samples. 


PICSTART™ Low-Cost Prototype 
Programmer, Assembler, Software 
Simulator and Samples 
















20.8 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


- _ PROBE 
PICMASTER Devices | Maximum Operating 
PROBE Supported /|Frequency Voltage 
PROBE - 16A | PIC16C54,. | 4MHZ 4.5V - 5.5V 
PIC16C55, 
PIC16C56, 
and PIC16C57 





PROBE - 16D | PIC16C54, 4.5V - 5.5V 
7 PIC16C55, 

| PIC16C56, 

PIC16C57, 

and PIC16C58 
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21.0 EPROM PROGRAMMING 


21.1 Prototype Programmers 


Microchip's proprietary low cost PICSTART program- 
mer is ideal for programming during development and 
prototyping. It is not recommended for production 
programming. 


21.2 Production Quality Programmers 


Programming of the code protection bit (also called 
“security bit" or “security fuse") implies that the contents 
of the PIC16C5X EPROM can no longer be verified, thus 
making programming related failure analysis an impos- 
sibility. 

Microchip warrants that PIC16C5X units will not exceed 
a programming failure rate of 1% of shipment quality. 
Programming related failures beyond this level can be 
returned for replacement, again, if the security bit has 


not been programmed. 


21.3 Gang Programmers 


Gang programmers are available from third party sources. 
See Table 21.2.1. 


21.4 Factory Programming 


High volume factory programming (QTP) is an available 
service from Microchip Technology. A small price adder 
and minimum quantity requirements apply. 


Microchip's PRO MATE programmer can be used for 
reliable programming for production. High volume pro- 
gramming is also supported by production quality pro- 
grammers from third party sources. See Table 21.2.1. 





Microchip assumes no responsibility for replacing defec- 
tive units related to mechanical and/or electrical prob- 
lems of any third party programming equipment or the 
improper use of such equipment. 


TABLE 21.2.1 - LIST OF THIRD PARTY PROGRAMMERS* 


ADVIN Systems, Inc. PILOT™-U40 408-243-7000 U.S. | HI-LO ALL-03 02 7640215 Taiwan 
Application Solutions Ltd. 273 476608 UK. _|| Link Computer Graphics | CLK-3100 201-808-8990 U.S. 


Baradine Products Ltd. 604-988-9853 Canada || Logical Devices, Inc. | ALLPRO™-88 | 305-428-6868 U.S. 
BP Microsystems cp-1128™ 800-225-2102 U.S. 
713-668-4600 U.S. _|| Parallax, inc. PICIGC5X-PGM —_| 916-624-8333 U.S. 
PC-82 44-819-511-848 U.K. || Stag Microsystems  |PP89_ ‘| 44-707-332-148 U.K. 


Unisite™ with 800-332-8246 U.S. Transdata PGM16 (214) 980 2960 
Site-48™ module {31(0) 6622866 Europe PGM 16x8 

(03) 432-6991 Japan Gang Programmer 
ane _— Pf 


5000 Series (800) 541-3526 U.S. 
Gang Programmer 

* For a complete listing of all Microchip third party support, please refer to the Third Party Support Handbook 

(DS00104A). 

























Citadel Products Ltd. 
Data 1/0 Corporation 










Elan Digital Systems Ltd. 










All ttademarks shown in table 21.2.1 belong to their respective holders. 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
CompuServe® communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need Compuserve 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 





To connect: 


1. Set your modem to 8 bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name :, type 


NETWORK<ENTER> and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 


number. Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 


PICMASTER, PRO MATE and PICSTART are becomes of 
Microchip Technology Incorporated. 


IBM PC and AT are registered trademarks of IBM Corpora- : 
tion. 


MS-DOS and Microsoft Windows are registered trademarks |- 
of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe Inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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PICI 6C5X Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. -XX X /KX XXX Pe ge, Madea, . 
i. Pattern: = 3-Digit Pattern Code for QTP (blank for OTP and Window Parts) 


PDIP $$ = SSOP (209 mil) 
300 mil SOIC (Gull Wing Lead) JW* = CERDIP Window 
28L PDIP (300 mil) -§ = Die in Waffle Pack 


Package: 


OM UV 
VO 
noni 


O°C to +70°C (T for tape/reel) 
-40°C to +85°C (S for tape/reel) 
-40°C to +125°C 


Temperature 
Range: 


mo! 


: Examples: 
RC, HS 
ae ee a) PIC16C54 - XT/PXXX = "XT" oscillator, commercial 


Type: temp., PDIP, QTP pattem 
b) PIC16C55-XTI/SO == “XT" oscillator, industrial 
ie temp., SOIC (OTP device) 
Dever: Sad sei c) PIC16C55 - JW = Commercial temp. 
PIC16C56 | CERDIP with WINDOW 
PIC16C57 d) PIC16C57-RCI/S = “RC oscillator", industrial temp.., 
dice in waffle pack. 


Notes: * For UV-erasable devices, the oscillator type is RC by default (= erased device). The user can select XT, HS, 
| or LP oscillators by programming the appropriate fuses. 





Sales and Support 








Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please cail 1-800-755-2345 or 1-602-786-7302. 
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ROM-Based 8-Bit CMOS Microcontroller 





FEATURES 
High-Performance RISC-like CPU 


¢ Only 33 single word instructions to learn 

¢ All single cycle instructions (200ns) except for 
program branches which are two-cycle 

¢ Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 

12-bit wide instructions 

8-bit wide data path 

512 x 12 on-chip ROM program memory 

25 x 8 general purpose registers (SRAM) 

Seven special function hardware registers 

Two-level deep hardware stack 

Direct, indirect and relative addressing modes 


Peripheral Features 


12 I/O pins with individual direction control 
8-bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 

Power-on Reset 

Oscillator Start-up Timer 

Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

e Security bit for code-protection 

e Power saving SLEEP mode 

¢ ROM mask selectable oscillator options: 

- Low-cost RC oscillator: RC 

- Standard crystal/resonator: XT 

- High-speed crystal/resonator: HS 

- Power saving, low frequency crystal: LP 


CMOS Technology 


e Low-power, high-speed CMOS ROM technology 
e Fully static design 
e Wide-operating voltage range: 
- Commercial: 2.0V to 6.25V 
- Industrial: 2.0V to 6.25V 
¢ Low-power consumption 
- <2mA typical @ 5V, 4 MHz 
- 15pA typical @ 3V, 32 KHz 
- < 1pA typical standby current @ 3V 


FIGURE A - PIN CONFIGURATION 


PDIP, SOIC, 
CERDIP Window 


RA1 <-> 
RAO <—- 
OSC1/CLKIN <— 
OSC2/CLKOUT — 
Vop ~<+— 

RB7 <> 

RB6 <> 

RB5 => 

RB4 <1 


pSHDSLOId 


RA1 <> 
RAO <-> 
OSC1/CLKIN <— 
OSC2/CLKOUT —> 
Vop ~<@— 

Vop <4 

RB7 ~<. 

RB5 <i> 

RB4 =~. 


pPSHD9LOid 





OVERVIEW 


PIC16CR54 is a fully compatible ROM-version of the 
PIC16C54 EPROM based microcontroller and a mem- 
ber of the PiC16C5X microcontroller family. The 
PIC16CR54 is a low-cost, high performance, 8-bit, fully 
static CMOS microcontroller. It employs a RISC-like 
architecture with only 33 single word/single cycle in- 
structions to learn. All instructions are single cycle 
(200ns) except in the case of program branches which 
take two cycles. The PIC16CR54 delivers performance 
an order of magnitude higher than its competitors in 
similar price category.The 12-bit wide instructions are 
highly symmetrical resulting in 2:1 code compression 
advantage over other 8-bit microcontrollers in its cat- 
egory. The easy to use and easy to remember instruc- 
tion set reduces development time significantly. 


The customer can also take full advantage of the UV- 
erasable PIC16C54 EPROM version for code develop- 
ment. The cost-effective One Time Programmable (OTP) 
version allows the customer to move in to production 
without committing to a final ROM code. 


The PIC16CR54 is supported by an assembler, a soft- 
ware simulator and an in-circuit emulator. All the tools 
are supported by IBM PC® and compatible machines. 
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1.0 GENERAL DESCRIPTION 


The Microchip Technology PIC16CR54 microcontroller 
is based on the proven architecture of the PIC16C5X 
product family. The PIC16CR54 is pin for pin compatible 
with the EPROM based PIC 16C54, but it has the added 
advantage of an extended operating voltage. 


1.1. Applications 


The PIC16CR54 fits perfectly in applications ranging 
from high speed automotive and appliance motor control 
to low-power remote transmitters/receivers, pointing 
devices, andtelecommunications processors. The small 
footprint package for through hole or surface mounting 


make this microcontroller perfect for all applications with 
space limitations. Low-cost, low-power, high-perfor- 
mance, ease of use, and I/O flexibility make the 
PIC16CR54 very versatile even in areas where no 
microcontroller use has been considered before (e.g. 
timer functions, replacement of “glue” logic in larger 
systems, co-processor applications). 


FIGURE 2.1.1 - PIC16CR54 BLOCK DIAGRAM 


CONFIGURATION EPROM | 09°! OSC2 MCLR 
EPROM 


512 X 12 | STACK2 | "DISABLE" “OSC 


SELECT" 
12 WATCHDOG | «cope 
| TIMER 
ole OSCILLATORY 


INSTRUCTION TIMING & 


REGISTER CONTROL 
12 PRESCALER 
"SLEEP" 
INSTRUCTION 6 
OPTION REG. |~—— “OPTION” 


DIRECT ADDRESS SRAM 


DIRECT RAM EaOu wi 
ADDRESS (25.6) 





GENERAL 

PURPOSE 

REGISTER 
FILE 


STATUS 


” 
sd 
< 
jaa 
Li 
= 
| 


RTCC 


DATA BUS 


8 


‘TRIS 5" , 
~*~! tRisA | PORTA TRIS 6. triss | PoRTB 


4 8 


RA0-RA3 RBO-RB7 
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2.0 ARCHITECTURAL DESCRIPTION 
2.1 Harvard Architecture 


The PIC16CR54 single-chip microcomputer is a low- 
power, high-speed, fully static CMOS device containing 
ROM, RAM, I/O, and a central processing unit on a 
single chip. cn a | 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus andmemory (RAM) 
are 8-bits wide while the program bus and program 
memory (ROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. In other words, while one instruction is executed, 
the following instruction is already being read from the 
program memory. A block diagram of the PIC16CR54 is 
given in Figure 2.1.1. 


TABLE 2.1.1 - PIN FUNCTION TABLE 


Name Function 







































RAO - RA3 /O PORTA 

RBO - RB7 I/O PORTB 

RTCC Real Time Clock/Counter 

MCLR Master Clear 

OSC1/CLKIN Oscillator (input)/External 
: are Clock Input 

OSC2/CLKOUT Oscillator (output) — 

VopD Power supply 


Vss Ground 


FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE 


2.2 Clocking Scheme/instruction Cycle 


The clock input (from pin OSC1) is internally divided by 
four to generate four non overlapping quadrature clocks | 
namely Q1, Q2, Q3 and Q4. Internally, PC is incre- 
mented every Q1, instruction is fetched from program 

memory and latched into instruction register in Q4. Itis 

decoded and executed during the following Q1 through 

Q4. The clocks and instruction execution flow is shown 

in Figure 2.2.1. 


2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 32 ad- 
dressable 8-bit registers including the I/O Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable (Figure 2.3.1). Data can be 
addressed direct, or indirect using the file select register 
(f4). Immediate data addressing is supported by special 
"literal" instructions which load data from program 
memory into the W register. 


The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. | 


In addition, special purpose registers are used to control 
the I/O port configuration, and the prescaier options. 


=xecute INST etch INST (PC+2 
Execute INST (PC+1) 
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Arithmetic/Logic Uni 


The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool- 
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


512 words of 12-bit wide on-chip read only program 
memory (ROM) can be directly addressed. Sequencing 
of instructions is controlled via the Program Counter 
(PC) which automatically increments to execute in-line 
programs. Program control operations, supporting di- 
rect, indirect, relative addressing modes, can be per- 
formed by Bit Test and Skip instructions, Call instruc- 
tions, Jump instructions or by loading computed ad- 
dresses into the PC. In addition, an on-chip two-level 
stack is employed to provide easy to use subroutine 
nesting. 


3.0 PIC1I6CR54 OVERVIEW 


Awide variety of oscillator types, frequency ranges, and 
packaging options are available. Depending on applica- 
tion and production requirements the proper device 
option can be selected using the information and tables 
in this section. When placing orders, please refer to the 
part numbering system on the back page of this docu- 
ment. 


To facilitate development and initial production phases, 
Microchip offers UV erasable EPROM version, One 
Time Programmable (OTP) version as well as Quick- 
Turnaround-Production (QTP) devices as described in 
the following sections. For more details on these, please 
refer to "PIC16C5X data-sheet" (Literature number 
DS30015) or contact your nearest sales office. 


TABLE 3.0.1 - OVERVIEW OF PIC16CR54 DEVICES 





PIC16CR54RC 
















PIC16CR54HS 


~PIC16CRS54LP 


* Including special function registers. 





Supply 
Voltage 





2.5-6.25V | DC -4MHz 18L PDIP, 18L SOIC (300 mil), 
20L SSOP 
2.0 - 6.25 V - 


PIC16CR54XT 12 2.5 - 6.25 V 18L PDIP, 18L SOIC (300 mil), 
20L SSOP 


5- 
5- 


3.1 UV Erasable Device for Program 
Development 


Microchip offers PIC16C54, the EPROM based version 
of the PIC16CR54 for program development. This 
device is optimal for prototype development and pilot 
series. The desired oscillator configuration is EPROM 
programmable as "RC", "XT", "HS" or "LP". An erased 
device is configured as "RC" type by default. The user 
should refer to the PIC16C5X data sheet for full electrical 
specification of these parts. 


ne-Time-Programm TP) Devi 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices are ideal for initial production runs. 
OTP devices have the oscillator type pre-configured by 

the factory. | 


uick-Turnaround-Prod 
Devices 


Microchip offers a QTP Programming Service for factory 
production orders. QTP devices are also ideal for initial 
production. This service is made available for users who 
chose not to program a medium to high quantity of units 
and whose code patterns have stabilized. The devices 
are identical to the OTP devices but with all EPROM 
locations and fuse options already programmed by the 
factory. Certain code and prototype verification proce- 
dures do apply before production shipments are avail- 
able. Please contact your Microchip Technology sales 
office for more details. 






Frequency Package 
Range** Options 








18L PDIP, 18L SOIC (300 mil), 
20L SSOP 


DC - 200 KHz | 18L PDIP, 18L SOIC (300 mil), 
20L SSOP 


** All devices operate down to DC when extemal clock is applied. 
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FIGURE 2.3.1 - PIC1 6CRS4 DATA MEMORY MAP 


FILE | 
ADDRESS 76543210 
































00 INDIRECT ADDR. (*) 

01 ~~ RTCC CALL 876543210 876543210 
RETLW 

02 STACK 1 STACK 2 

03 STATUS 

04 | FSR ee ae 

05 PORTA 
TRISA § 43210 
i ae ee 

07 | TRISB OPTION | 

08 

o9 TO AND FROM 

0A GENER REGISTER FILE 

PURPOSE VIA ALU 
OB 
REGISTER 
OC. 
FIL 

oD E | | 
OE FROM PROGRAM MEMORY 
OF 

10 

11 

12 

13 

14 

15 


GENERAL 

PURPOSE 

REGISTER 
FILE 


(*) NOT A PHYSICALLY IMPLEMENTED REGISTER. 
SEE SECTION "OPERATIONAL REGISTER FILES" FOR DETAILS 
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4.0 OPERATIONAL REGISTER FILES 
1 Indirect Data Addressing (INDE 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the result in W. 


If INDF itself is read through indirect addressing (i.e. 
FSR = Oh), then 00h is read. If INDF is written to via 
indirect addressing, the result will be a NOP. 


4.2 Real Time Clock/Counter Register 
(RTCC) 


This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 4.2.1 is a simplified block 
diagram of RTCC. 


An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the 'OPTION' instruction. See Section 7.4 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to RTCC (e.g. CLRF RTCC, or 
BSF RTCC,5, ...etc.) clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines, if RTCC is incremented internally or 
externally. 

RTS=1: The clock source for the RTCC or the pres- 
caler, ifassigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines, if an increment occurs on the falling 
(RTE=1) or rising (RTE=0) edge of the signal 
presented to the RTCC pin. 


RTS=0: The RTCC register or its prescaler, respec- 
tively, will be incremented with the internal 
instruction clock (= Fosc/4). The "RTE" bitin the 
OPTION register and the RTCC pin are “don't 
care" in this case. The RTCC pin must not be 
left floating (tie to either VoD or Vss). This 
prevents unintended entering of test modes 
and to reduce the current consumption in low 
power applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), RTCC 
keeps incrementing and just rolls over when the value 
"FFh" is reached. All increment pulses for RTCC are 
delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as- 
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read- 
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. Timing diagrams in 
Figure 4.2.2 show RTCC read, write and increment 
timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When external clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also, there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.2.1, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tosc and low for at least 2 tosc 
where tosc = oscillator time period. 


FIGURE 4.2.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 


fosc/4 


RTCC 


PIN 
RTE 


PROGRAMMABLE 
PRESCALER 


PS2, PS1, PSO 


DATA BUS 


i 
SYNC WITH 


INTERNAL RTCC (8) 
CLOCKS 


(2 CYCLE DELAY) 


PSA 


Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1). 
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When no prescaler is used, PSOUT (Prescaler output, 


see Figure 4.2.2.1) isthe same as RTCC clock input and 
therefore the requirements are: | 

TRTH = RTCC high time = 2tosc + 20 ns 

TRTL = RTCC low time > 2tosc + 20 ns 


When prescaler is used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 5 ie 

Then: Psout high time = PsouT low time = 
where TRT = RTCC input period and N = prescale value 
(2, 4, ...., 256). The requirement is, therefore N * TRT 
2 2 tosc + 20 ns, or TRT = =e 2 


N ¢ TRT 


The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary, the RTCC input requirements 
are: | 


Trt RTCC period > (4 tosc + 40 ns)/N 
TRTH = RTCChightime>10ns — 
TRTL = RTCC lowtime > 10ns 


4.2.2 DELAY FROM EXTERNAL CLOCK EDGE 


Since the prescaler output is synchronized with the 
internal clocks, there is a small delay from the time the 
external clock edge occurs to the time the RTCC is 
actually incremented... Referring to Figure 4.2.2.1, the 
reader can see that this delay is between 3 tosc and 7. 
tosc.. Thus, for example, measuring the interval be- | 
tween two edges (e.g. period) will be accurate within +4 
tosc (+500ns @ 8 MHz). y 


4.3 Program Counter (PC) 


The program counter generates the addresses for on- 
chip ROM containing the program instruction words 
(Figure 4.3.1). | 

The program counter is set to all “1"s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) "GOTO’ instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0>). 

b) "CALL" instructions load the lower 8-bit of the PC 
directly while the ninth bit is cleared to "0". The PC 
value, incremented by one, will be pushed into the 
stack. _ | 

c) "“RETLW" instructions load the program counter 
with the top of stack contents. he 


FIGURE 4.2.2A - RTCC TIMING: INT CLOCK/NO PRESCALE 


TQUIBIA' AUIIGIA AIWIGBIA' AIIBiISA' AWiBsa' AIWiwBi a ai@w@i@ia'ar@iaia' 
4 t 4 4 t t ( t i] 


‘ ! 8 t t ‘ 
(PCT COUR KP OK PCH DCU PC 3 OK PC +4 UK PC HS PC +6 


‘ (] t ' ‘ ‘ 
‘ INST = MOVF RTCC,W 1: MOVFRTCC,W « MOVF RTCC,W + MOVFRTCC,W 1 MOVFRTCC,W , 
' ' MOVWFRTCC °« ' ! 

8 t t 
‘ 1 


Ar 1___ NRT +14 NAT +2 NRAT+3 


t 4 
t 1 
‘ 1 
' Write RTCC ' 
: executed ; 


Read RTCC 
reads NRT 





Read RTCC 
reads NRT 


Read RTCC 
reads NRT + 1 


Read RTCC 
_ feads NRT +2 


Read RTCC 
reads NAT + 3 


FIGURE 4.2.2B - RTCC TIMING: INT CLOCK/PRESCALE 1:2 








‘(PROGRAM '! 
COUNTER) | 
‘ ' t ' 
1 i] § 4 





_AIRG AT 7 


Write RTCC 





Read RTCC 
reads NRT 


| Q1 1 C2 103 1.04! QI C2 1.03 1 4 | QI 1 C2 103 14! Q11. C213 14! A112 103 1Q4' A112 1031 4! QI1 G2 1 G3 1A4! A112 103104 


. 1 t n t t ! t 
PC =o EE «oR Co oS eC «oo Eo PC +6 
1 : 


i) 1 t ‘ t ‘ 
t MOVWFARATCC + MOVFRTCC,W . MOVFRTCC,W . MOVFRTCC,W 1 MOVFRTCC,W . MOVFATCC,W , 
' 1 t i] t ' 








NRT NRT +1 ’ 
’ ' a { ’ { 1 A 
t 1 t ' ‘ 
' : ‘ oan ' t 
' ReadRTCC ' ReadRTCC ‘ ReadRTCC ! Read RTCC ' 
'readsNRT =| readsNRT ' 
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d) If PC is the destination in any instruction (e.g. 
MOVWF PC, ADDWF PC, or BSF PC,5) then the 
computed 8-bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will be 
cleared. 

It should be noted that because bit 8 (ninth bit) of PC is 

cleared in CALL instruction or any instruction which 

writes to the PC (e.g. MOVWE PC), all subroutine calls 
or computed jumps are limited to the first 256 locations 
of the program memory page (512 words long). 


4.4 _ STACK 


The PIC16CR54 has a two-level (9-bit wide) hardware 
push/pop stack (Figure 4.3.1). . 


CALL instructions push the current program counter 
value, incremented by "1", into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent "CALL"s are executed, only the most recent 
two return addresses are stored. 


RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent "RETLW's are 
executed, the stack will be filled with the address previ- 
ously stored in level 2. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen- 
tation of "data" tables within the program memory. 


FIGURE 4.2.2.1 - RTCC TIMING WITH EXTERNAL CLOCK 


,Q11.02 103104 | Q11Q2 103104 | Q11@2 10314 (aii @1aala@ | 


EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) 


EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 
INCREMENT RTCC (Q4) 
RTCC 


Notes: 


Small pulse 1 
misses sampling 


. Delay from clock input change to RTCC increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input = + 4 tosc max. 
External clock if no prescaler selected, Prescaler output otherwise. 

The arrows indicate the points in time where sampling occurs. 


FIGURE 4.3.1 - PROGRAM MEMORY ORGANIZATION 


CALL, INST WITH PC AS DESTINATION 


GOTO, CALL 


INST WITH PC AS DESTINATION 





DIRECT FROM INSTRUCTION WORD 
ALWAYS “O" 


DIRECT FROM INSTRUCTION WORD 
FROM ALU 


STACK LEVEL 1 
STACK LEVEL 2 
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4.5 Status Word Register clear all bits except for TO and PD and then set the Z bit 


and leave the STATUS register as OOOXX100 (where X 
This register contains the arithmetic status of the ALU, = unchanged). 
and the RESET status. | 


Bt! Ia ee ees It is recommended, therefore, that only BCF, BSF and 
The STATUS register can be destination for any instruc- MOVWE instructions are used to alter the STATUS 


set after the following write. Furthermore, TO and PD status bit. 

bits are not writable. Therefore, the result of an instruc- 

tion with STATUS register as destination may be differ- | For other instructions affecting Satis bits, see Section 
ent than intended. For example, CLRF STATUS will Instruction Set Summary." 


FIGURE 4.5.1 - STATUS WORD REGISTER | 


RESET CONDITION: 
(1) PA2,PA1, PAO cleared to '0’. 
oe lerTow le Tee Tete] TO, PD are set or reset as shown in Table 4.5.1.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRY BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low 
order bit of the source register. 


DIGIT CARRY BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 
Reset otherwise. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This 
bit is reset to "O" by a SLEEP instruction. 


TIME-OUT BIT: 

Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "0" by a watchdog timer time 
out. 


Three general purpose read/write bits 
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4.5.1 TIME OUT AND POWER DOWN STATUS 
BITS (TO, PD) 


The TO and PD bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a Watchdog Timer time-out, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 


These status bits are only affected by events listed in 
Table 4.5.1.1. 





TABLE 4.5.1.1- EVENTS AFFECTING 
PD/TO STATUS BITS 


Power-up 

WDT Timeout 
SLEEP instruction 
CLRWODT instruction 


No effect on PD 


Note: A WDT timeout will occur regardless of the 
status of the TO bit. ASLEEP instruction will be 
executed, regardless of the status of the PD bit. 
Table 4.5.1.2 reflects the status of PD and TO 
after the corresponding event. 





TABLE 4.5.1.2 - PD/TO STATUS AFTER 


RESET 
TO PD RESET was caused by 


WDT wake-up from SLEEP 
WDT time-out (not during SLEEP) 
MCLR wake-up from SLEEP 
Power-up 

= Low pulse on MCLR input 














Note: The PD and TO bit maintain their status (X) 
until an event of Table 4.5.1.1 occurs. A low- 
pulse on the MCLR input does not change the 
PD and TO status bits. 


4.6 Fil lect Register (F 


Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for file INDF in 
any of the file oriented instructions). 


Bits 5-7 of the FSR are read-only and are always read as 
“one’s. 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


a A RE TSS SR SR ASE Ss SS ESTE AST TT WENA ES SEP aA TTR aR RP PAPE STIR SE SN SAO TC CETEE 
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5.0 VO REGISTERS (PORTS) 


- The I/O registers can be written and read under program 
control like any other register of the register file. How- 


ever, “read” instructions (e.g. MOVF PORTB,W) always . 


read the I/O pins, regardless if a pin is defined as “input" 
or “output.” Upon a RESET condition, all I/O ports are 
defined as “input” (= high impedance mode) as the I/O 
control registers (TRISA, TRISB) are all set to “ones.". 


The execution of a "TRIS f* instruction with correspond- 
ing "zeros" in the W-register is necessary to define any 
of the I/O pins as output. | 


5.1 PORTA 


4-bit I/O register. Low order 4-bits only are used (RAO - - 
RA3). Bits 4 - 7 are unimplemented and read as "zeros." 


5.2 PORTB 
8-bit I/O register. — 


5.3 VO Interfacing 


The equivalent circuit for an I/O port bit is shown in 
Figure 5.3.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond- 


ing direction control bit (in TRISA, TRISB) must be setto © 


zero. For use as an input, the corresponding TRIS bit 
must be “one”. Any !/O pin can be programmed individu- 
ally as input or output. 


FIGURE 5.3.1 - EQUIVALENT CIRCUIT 
FOR A SINGLE I/O PIN 


FROM 
DATA 
BUS 


"WRITE" 


FROM 
W-REGISTER 


“TRIS fF 


"RESET" 





5.4 VQ Programming Considerations 
5.4.1 BIDIRECTIONAL VO PORTS — 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the cra latch may now be 
unknown. 


Apin actively outputting a"0" or "1" should not be driven 
from external devices at the same time in order to 
change the level on this pin (“wired-or", “wired-and"). 
The resulting high output currents may damage the chip. 


5.4.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5.5.2.1). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this I/O port. 
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FIGURE 5.4.2.1 - /O PORT READ/WRITE TIMING 


, at] C21 C314! Qt] C2] a3! a4! at} G2! cal a4! at! 2103104! | Note: 


POX PCO CUK PC Hh OK PC 2 PC +3 


Instruction 1 MOVWF PORTB 1 MOVF PORTB, W: 


' 
( 

fetched | WritetoPORTB ' ReadPORTB ! 
' 


1 
1 
i J 

‘ t ‘ 

' 1 t 

‘ \ 1! 

' ' i! 

‘ t t 

t ! 


Execute 


6.0 GENERAL PURPOSE 
REGISTERS 


f07h -f1Fh: are general purpose register files. 
7.0 SPECIAL PURPOSE REGISTERS 
7.1 W Working Register 


Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 


7.2 TRISA W/O Control Register For 
PORTA 


Only bits 0 - 3 are available. The 1/O PORTA is only 
4-bits wide. 


FIGURE 7.4.1 - OPTION REGISTER 


PRESCALER VALUE 


sampled here , 





This example shows write 
to PORTB followed by a 
read from PORTB. Note 
that the data setup time = 
(0.25 TCY - TPD) where 


NOP 


frequencies, write followed 
by a read may be 
problematic. 


i) 

t 

4 

1 

° 1 ‘ 
RB (7:0) ‘ TCY = instruction cycle 
Port pin ' ' | Therefore, at higher clock 

( { 

t 

t 

! 

| 


Execute 


MOVWEF PORTB ' MOVF PORTB, W NOP 


7.3 TRISB VO Control Register For 
PORTB 


The I/O control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 
A “1" in the I/O control register puts the corresponding 
I/O pin into a high impedance mode. A “O" puts the 
contents of file register PORTA or PORTB, respectively, 
out on the selected I/O pins. 


These registers are “write-only" and are set to all “ones"“ 
upon a RESET condition. 


7.4 OPTION Prescaler/RTCC Option 
Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is “write-only" and is 6-bits wide. 
By executing the "OPTION" instruction, the contents of 
the “W" register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
"ones." 


RESET VALUE: 111111b 


PRESCALER ASSIGNMENT BIT: 


0.... RTCC 
1.... WOT 


RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 


0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1... TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION 


A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input “low", or by 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the Oscillator Start-up Timer (OST) is 
active or the MCLR input is “low.” 


The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of power on reset with MCLR tied to VoD the OST 
starts from power-up. In case of a WOT timeout, it will 
start at the end of the time-out (since MCLR is high). In 
case of MCLR reset, the OST will start wnen MCLR goes 
high. The nominal OST time-out period is 18ms. See 
Section 13.0 for detailed information on OST and Power- 
On Reset. 


During a RESET condition the state of the PIC16CR54 
is defined as: 


e The oscillator is running, or will be started (power- 
up or wake-up from SLEEP). 

e All I/O port pins (RAO - RA3, RBO - RB7) are put into 

the high-impedance state by setting the "TRIS" reg- 

isters to all "ones" (= input mode). 

The Program Counter is set to all “ones" (1FFh). 

The OPTION register is set to all "ones". 

The Watchdog Timer and its prescaler are cleared. 

The upper-three bits (page select bits) inthe STATUS 

Register are cleared to “zero." 

e "RC" devices only: The "CLKOUT" signal on the 
OSC2 pin is held at a“low" level. 


9.0 PRESCALER 


An 8-bit counter is available as a prescaler for the RTCC, 
oras a post-scaler for the Watchdog Ttimer, respectively 
(Figure 9.0.1). For simplicity, this counter is being 
referred to as "prescaler" throughout this data sheet. 
Note that there is only one prescailer available which is 
mutually exclusively shared between the RTCC and the 
watchdog timer. Thus, a prescaler assignment for the 
RTCC means that there is no prescaler for the Watchdog 
Timer, and vice-versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 








k MOVLW B00! 00’ 


When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC, x....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 


9.1 Switching Prescaler Assignment 
CHANGING PRESCALER FROM RTCC TO WDT 


The prescaler assignment is fully under software con- 

trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WDT: 


1. MOVLW B'xx0x0xxx' _ ; Select internal clock and select new 


2. OPTION ; prescaler value. If new prescale value 
; is = ‘000° or ‘'001', then select any other 
- prescale value temporarily. 

3. CLRF 1 ; Clear RTCC and prescaler, 

4. MOVLW B'xxxxixx' — ; Select WDT, do not change prescale 
; value. 

5. OPTION : 

6. CLRWOT ; Clears WDT and prescaler. 


; Select new prescale value. 
8. OPTION ; 


Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000'or '001'. 


CHANGING PRESCALER FROM WDT TO RTCC 


To change prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWDT ; Clear WOT and prescaler 
2. MOVLW_B'xxxxOxxx'_; Select RTCC, new prescale value 
; and clock source 


3. OPTION : 


sence ln te Sf A A P47 A SS SS tnt ATPP PE PE TP PP 
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FIGURE 9.0.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 


CLKOUT (=Fosc/4) 


8-BIT COUNTER 


8-TO-1 MUX 


| 


WDT ENABLE 
EPROM FUSE 


WDT 
TIMEOUT 


10.0 BASIC INSTRUCTION SET 
SUMMARY 


Each PIC16CR54 instruction is a 12-bit word divided 
into an OPCODE which specifies the instruction type 
and one or more operands which further specify the 
operation of the instruction. The PIC16CR54 instruction 
set summary in Table 10.0.1 lists byte-oriented, bit- 
oriented, and literal and control operations. 


For byte-oriented instructions, “f" represents a file regis- 
ter designator and “d" represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 PIC16CR54 file registers is to be utilized by the 
instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If “d" is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. 


For literal and control operations, "k" represents an 8- or 
9-bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 


DATA BUS 


SYNC 
2 
CYCLES 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 





instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 psec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 psec. 


Notes to Table 10.0.1 


Note 1: The 9th bit of the program counter will be forced 
to a “zero” by any instruction that writes to the | 
PC except for GOTO (e.g. CALL, MOVWF PC 
etc.). See Section 4.3 for details. 
When an I/O register is modified as a function of 
itself (e.g. MOVF PORTB,1 ), the value used 
will be that value present on the pins them- 
selves. For example, if the data latch is "1" for 
a pin configured as input, and it is driven low by 
an external device, the data latch will be written 
back with a 'O'. 
The instruction “TRIS f* , where f=5 or6 causes 
the contents of the W register to be written to the 
tristate latches of the specified file (port). A 
“one" forces the pin to a high impedance state 
and disables the output buffers. 

If this instruction is executed on file register 
RTCC (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 


Note 2: 


Note 3: 


Note 4: 


es Repeal US RPE Pt 7 SAR SAP A PES SMES A RTO PA ES RA a A TY 
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TABLE 10.0.1 - INSTRUCTION SET SUMMARY 


(11-6) (5) (4 - 0) 


BYTE-ORIENTED FILE REGISTER OPERATIONS | opcope | d | {(FILE#) | 


d = 0 for destination W 
d = 1 for destination f 


Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


0001 11df f£ffFf Add W and f ADDWF f,d W+f—-d 
0001 O1df ffff AND W and f ANDWF f,d W&f-d 
0000 011f ££FE Clear f CLRF 0->f 
0000 0100 0000 Clear W CLRW 0—>W 
0010 O1df ffff Complement f COMF fod 
| 0000 11df ffff Decrement f DECF f-1-d 
0010 11df ffff Decrement f,Skip if Zero DECFSZ f-1—d, skip if zero 
0010 10df£ ffff Increment f INCF | f+iod 
0011 11df ffff Increment f,Skip if zero INCFSZ f+1— 4d, skip if zero 
0001 00d£ ffff Inclusive OR W and f lIORWF Wvf-d 
0010 00d£ £FFEF Move f MOVF f,d f—-d 
0000 O01f fff£f Move W to f MOVWF Wf 
0000 0000 0000 No Operation NOP - 
0011 O1ldf ffff Rotate left f RLF | f(n) — d(n+1), C — d(0), (7) > C 
0011 O0df ffff Rotate right f RRF f(n) —> d(n-1), C —» d(7), {(0) +» C 
0000 10df ffff Subtract W from f SUBWF {-Wod [f+W+1- d] 
0011 10df ffff Swap halves f SWAPF f(0-3) <> f(4-7) > d 
0001 10d£ fffF Exclusive OR W and f XORWF Woe fod 


(11-8) (7-5) (4 - 0) 


BIT-ORIENTED FILE REGISTER OPERATIONS | 


Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


0100 bbbf ffff 4bf Bit Clearf BCF f,b O-> f(b) None 
0101 bbbf ffff 5Sbf Bit Setf BSF f,b 1 -— f(b) None 
0110 bbbf ffff 6bf Bit Test f,Skip if Clear BTFSC f,b Test bit (b) in file (f): Skip if clear None 
0111 bbbf fff 7bf Bit Test f, Skip if Set BIFSS  f,b Test bit (b) in file (f): Skip if set None 


| (11-8) (7 - 0) 
LITERAL AND CONTROL OPERATIONS 


Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


k& W> W Z 

PC + 1 — Stack, k —» PC None 1 
0 —» WOT (and prescaler, if assigned) TO, PD 

k — PC (9 bits) None 
kvW>W Z 

kW None 

W —> OPTION register None 

k— W, Stack— PC None 

0 — WOT, stop oscillator TO, PD 
W-> 1/0 control register f None 3 
k@W>W Z 


1110 kkkk kkkk Ekk AND Literal and W ANDLW 
1001 kkkk kkkk 9kk Call subroutine | CALL 
0000 0000 0100 004 _ Clear Watchdog timer CLRWDT 
101k kkkk kkkk Akk Go To address (kis 9 bit) GOTO 
1101 kkkk kkkk Dkk Incl.ORLiteralandW  §lIORLW 
1100 kkkk kkkk Ckk Move Literal to W MOVLW 
0000 0000 0010 002 Load OPTION register OPTION 
1000 kkkk kkkk 8kk _ Return,place LiteralinW RETLW 
0000 0000 0011 003 Gointostandbymode SLEEP 
0000 0000 Off£ OOF Tristate port f TRIS 
1111 kkkk kkkk Fkk Excl. OR LiteralandW §XORLW 


i ee oD 





Notes: See previous page 
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11.0 WATCHDOG TIMER (WDT) 


The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. The WDT can be permanently disabled by 
specifying the WDT mask option. 


11.1 WDT Period 


The WDT has anominal time-out period of 18ms (with no 
prescaler). The time-out period varies with temperature, 
VopD and process variations from part to part (see DC 
specs). If longer time-out periods are desired, a pres- 
caler with a division ratio of up to 1:128 can be assigned 
to the WDT under software control by writing to the 
OPTION register. Thus, timeout periods up to 2.5 sec- 
onds can be realized. 


The "CLRWDT" and "SLEEP" instructions clear the 
WDT and the prescaler count, if assigned to the WDT, 
and prevent it from timing out and generating a device 
RESET condition. 


The status bit, TO, in the STATUS register, will be 
cleared upon a Watchdog Timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to graphs in Section 18.0 and DC specs for more 
details. 


11.2 WDT Programming Considerations: 


It should also be taken in account that under worst case 
conditions (Vop = Min., Temperature = Max., max. WDT 

prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.0 OSCILLATOR CIRCUITS 


12.1 Oscillator Types 


The PIC16CR54 series is available with four different 
oscillator options. Two bits in the configuration word 
select one of these four modes. The customer specifies 
the desired oscillator type along with the ROM pattern. 
The parts are tested for the specific oscillator type. 


12.2 stal Oscillator 


The PIC16CR54-XT, -HS, or LP needs a crystal or 
ceramic resonator connected to the OSC1 and OSC2 
pins to establish oscillation (Figure 12.2.1). Note thatthe 
series resistor RS is only required for the "HS" oscillator. 


12.3 RC Oscillator 


For timing insensitive applications the "RC" oscillator 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external R and C components used. Figure 
12.3.1 shows how the R/C combination is connected to 
the PIC16CR54. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 5 
kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See the tables in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). | 


See graphs and tables in Section 18.0 for variation of 
oscillator frequency due to VoD for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C and Vpp values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2.1 for 
timing). | 
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FIGURE 12.2.1 - CRYSTAL OPERATION FIGURE 12.2.2 - EXTERNAL CLOCK INPUT | 


(OR CERAMIC RESONATOR) | OPERATION (HS, XT, or 
(HS, XT OR LP TYPES ONLY) Oe | LP TYPES ONLY) 


“"777>, PICI6CRS4 
i ' 


CLOCK FROM OSsCc1 
EXT. SYSTEM : PIC16CR54 


t 
a 


+ 
Ney 7 

: ‘. ,W— SLEEP 
t 

t 


OSC2 


r t 


‘ 
- e2: - -@ Be TO INTERNAL 
LOGIC 


Note: Load on OSC2 must not exceed 15 pF for external 
clock operation. 





Rs is recommended for "HS" devices(100Q < Rs < 1KQ). RS 

may also be needed in XT mode for AT strip-out crystals to FIGURE 12.3.1 - RC OSCILLATOR (RC 
avoid overdriving. See Tables 12.2.1 and 12.2.2 for TYPE ONLY) 
recommended values of C1, C2 and RS. . 





TABLE 12.2.1 - CAPACITOR SELECTION FOR 
| CERAMIC RESONATORS 


Oscillator Resonator Capacitor Range 
Type | frequencyf 


XT 455 KHz 150 - 330 pF | 
2.0 MHz 
ee ___4,0 MHz 
FIGURE 13.1.1 - EXTERNAL POWER 


20 - 330 pF 
Higher capacitance increases stability of cecmation but ON RESET CIRCUIT 
also increases start-up time. 







Internal 
Clock 











PIC16CR54RC 
OSC2/CLKOUT | 

















20 - 200 pF 
0 - 20 pF 


TABLE 12.2.2 - CAPACITOR SELECTION FOR 


Wweons wass ea “ws 


Fan 
Type |. 


oi 32 KHz 15 pF 
100 KHz 15 pF 
200 KHz 0-15 pF 













PIC16CR54 





Notes: 

1. External power on reset circuit is required only if Vop 
power-up slope is too slow or if a low frequency 
crystal oscillator is being used that need a long 
start-up time. The diode D helps discharge the 
capacitor quickly when VDD powers down. 


R < 40 KQ must be observed to make sure that 
voltage drop across R does not exceed 0.2 V (max 
leakage current spec on MCLR pin is 5 pA). A 


Higher capacitance increases stability of oscillator but larger than 0.2 V drop across R may cause a ViH 
also increases start-up time. These values are for design level violation on MCLR pin. 

guidance only. RS may be required in HS mode as well Svea a 
as XT mode to avoid overdriving crystals with low drive —% R= 1000 to 1KQ will limit any current flowing into 


MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 


level specification. Since each crystal has its own 
characteristics, the user should consult the crystal manu- 
facturer for appropriate values of external components. 
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FIGURE 13.1.2 - BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This circuit will activate reset when VDD goes 
below (VZ + 0.7 V) where VZ = Zener voitage. 





FIGURE 13.1.3 - BROWN OUT PROTECTION 
CIRCUIT 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 


R1 
VOD Als Bo = 0.7 V. 





13.0 OSCILLATOR START-UP TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device ina RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 


The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16CR54 from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC16CR54 incorporates an on-chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature, the 
user merely needs to tie MCLR pin to Vop. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.1.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up, the reset latch is set and the start-up timer 
(see Figure 13.1.4) are reset. The start-up timer begins 
counting once it detects MCLR to be high. After the 
timeout period, which is typically 18ms, it will reset the 
reset-latch and thus end the on-chip reset signal. 


Figures 13.1.5 and 13.1.6 show two power-up situations 
with relatively fast rise time on Vpb. In Figure 13.1.5, 
VoD is allowed to rise and stabilize before bringing 
MCTLR high. The chip will actually come out of reset 
tOST ms after MCLR goes high. In Figure 13.1.6, the on 
chip Power-On Reset feature is being utilized (MCLR 
and VDD are tied together). The Vobp is stable before the 
startup timer times out and there is no problem in getting 
a proper reset. Figure 13.1.7 depicts a potentially 
problematic situation where VDD rises too slowly. In this 
situation, when the start-up timer times out, VDD has not 
reached the Vop (min) value and the chip is therefore not 
guaranteed to function correctly. 


To summarize, the on-chip power-on reset is guaran- 
teed to work if the rate of rise of VoD is no slower than 
0.05 V/ms. It is also necessary that the Vop starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start-up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 
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FIGURE 13.1.4 - SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 


POWER-UP _ POR (POWER-ON RESET) 
DETECT | : 


: 7 > WDT TIME-OUT 


RESET 


8-BITASYNCH | 
RIPPLE COUNTER 
(START-UP TIMER) 


CHIP RESET 





FIGURE 13.1.5 - USING EXTERNAL RESET INPUT 


MCLR 


INTERNAL POR 


OSTTIME-OUT — 
INTERNAL RESET Sr See ed See 


Note 1: The tost time-out is invoked every time the chip comes out of reset. 


INTERNAL POR Be 


+——— tost - 


INTERNAL RESET [ene 


OST TIME-OUT 
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FIGURE 13.1.7 - USING ON-CHIP POR (SLOW Vpp RISE TIME) 


Vppb 
MCLRA 


INTERNAL POF 


OST TIME-OUT 


INTERNAL RESE] 


When Vobo rises slowly, the internal time-out period expires long before VoD has reached its final 
value. In this example, the chip will reset properly if, and only if, Vi= VDDMIN. 


14.0 POWER DOWN MODE (SLEEP) 


The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PDin the STATUS register is cleared, the 
TO bit is set and the oscillator driver is turned off. The 
I/O ports maintain the status they had, before the SLEEP 
command was executed (driving high, low or hi- 
impedence). 


For lowest current consumption in this mode, all I/O pins 
should be either at Vpp, or VSS, with no external circuitry 
drawing current from the I/O pin. I/O pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC pin should also be at VoD or Vss for lowest current 
consumption. 


The MCLR pin must be at VIHMC. 
14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
_ timeout (if it is enabled) or an externally applied “low" 
pulse atthe MCLRpin. Inboth cases the PIC16CR54 will 
stay in RESET mode for one Oscillator Start-up Timer 
period (triggered from rising edge on MCLR or WOT 
timeout) before normal program execution resumes. 


The PD bit in the STATUS register, which is set to one 
during power-on, but cleared by the "SLEEP" command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 
4.5.1.2). The TO bit in the Status register can be used 
to determine, if the “wake up" was caused by an external 
MCLR signal or a Watchdog Timer timeout. 





NOTE: Some applications may require external R/C 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC16CR54 will be in RESET only for the oscillator start- 
up timer period. 


15.0 CONFIGURATION FUSES 


The configuration word consists of four ROM fuses. 


Two are for the selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code 
protection fuse. 


The customer makes the selection for these and the 
parts are tested accordingly. The packages are marked 
with the suffixes "XT", "RC", “HS" or "LP" following the 
part number to identify the oscillator type and operating 
range. 


15.1 Customer ID Code 


The PIC16CR54 has four special ROM locations which 
are not part of the normal program memory. These 
locations are available to the user to store an Identifier 
(ID) code, checksum or other informative data. They 
cannot be accessed during normal program execution 
but can be read out using any programmer that supports 

the PIC16C5X, such as PRO MATE™., | 
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15.2 Code Protection 


The code in the ROM can be protected by selecting the 
code protection fuse to be "0". 


When code protected, the contents of the program ROM 
cannot be read out in a way that the program code can 
be reconstructed. The factory can verify every bit ina 
code protected ROM through a special ROM-verify test 
mode. In this test mode data is presented to the chip for 
every ROM location and a pass/fail bit at the end of the 
sequence indicates if the ROM matched the externally 


supplied pattern sequence. This mode does not output 


he R attern_ and therefor s m ise 
code security. 


es 


Another way to verify a code protected ROM without 
supplying the actual code is as follows: 


When code protected, verifying any program memory 

location will read a scrambled output which looks like 

"O0000000XXXX" (binary) where X is 1 or 0. To verify a 

code protected device, follow this procedure: 

a. First, read in a code-protected device known to be 
good into a file. The data will look scrambled. 

b. Verify any code-protected PIC16CR54 against this 
file. 


EARP SPT ES EE SRD A Tt A PS PAR SSS TO SP SS SS Ss 
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16.0 ELECTRICAL CHARACTERISTICS 








16.1 Absolute Maximum Ratings* *Notice: Stresses above those listed under “Maximum Ratings" 
Ambient temperature under bias........-55°C to +125°C may cause permanent damage to the device. This is a stress 
‘ . rating only and functional operation of the device at those or any 
T (GO -derctsicisaisin - 65°C to +150°C 
a pone ‘éenectto Ves ia other conditions above those indicated in the operation listings 
ee t Vop SAanACER) P -0.6V to Vop +0.6V of this specification is not implied. Exposure to maximum rating 
viral BA vob oni respect to Vss Nios 5 V conditions for extended periods may affect device reliability. 
ce oon RAC EnE WI respect lo: ¥ee Oto+14V Notes: 1. Total power dissipation should not exceed 800 
Total power Dissipation (Note 1) ..cssseseue 800 mW my torte Pectade.: Power seeparont: 
Max. Current out of VSS pin «0... eeccecetteeees 150 mA caine? pe iepitees 
Max. Current Into VDD Pin ...........ccccssssseeceeeceeeees 50 mA Pdis VOD x (Dp 210s 2. (NDO-Ver)x on 
Max. Current into an input pin..................ccc00 +500 pA 9 i ees ee below Vss at the MCLR pin 
Input clamp current, liK (Vi<O or Vi>VDD) ........ +20 mA " ila aiid 


Output clamp current, lok (VO<0 or VO>Vpb) . +20 mA 
Max. Output Current sinked by any !/O pin....... 25 mA 
Max. Output Current sourced by any I/O pin .... 20 mA 


inducing currents greater than 8OmA, may 
cause latch-up. Thus, a series resistor of 50- 
100Q should be used when applying a “low' 
level to the MCLR pin rather than pulling this 








Max. Output Current sourced by a single 


VO port (Port A OF B) cesecssssssessssseseccssssssssseeeese 40 mA Pr crecty oN Se: 
Max. Output Current sinked by a single 
/O port (Port A OF B) ..... ct ececeeceeeeeceeeseeeeeeees 50mA 


16.2 Pin Descriptions 


RAO - RA3 1/0 PORT A 4 input/output lines. 
RBO - RB7 I/O PORT B i 


Real Time Clock/Counter Schmitt Trigger Input. 

Clock input to RTCC register. Must be tied to Vss or Vp if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 

Schmitt Trigger Input. 

A “Low" voltage on this input generates a RESET condition 
for the PIC16CR54 microcontroller. 

A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Vop. 
"XT", "HS" and "LP" devices: Input terminal for crystal, _ 
ceramic resonator, or external clock generator. 

"RC" devices : Driver terminal for external RC combination 
to establish oscillation. 

For "XT", “HS" and “LP" devices: Output terminal for avsial 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin. 


Master Clear 


OSC1/CLKIN 


OSC2/CLKOUT Oscillator (output) 


| Vop_ | Power supp 
| Vss | Ground 
| NC ———_—‘|_- No (internal) Connection 


Oscillator (input) 
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16.3 DC CHARACTERISTICS: PIC16CR54-RC, XT, HS, LP (Commercial 
| PIC16CR54-RC, XT, HS, LP (Industrial 





DC CHARACTERISTICS, _ Standard Operating Conditions 





‘POWER SUPPLY PINS Operating temperature -40 < TA < +85°C for industrial and 0°C < TA < +70°C for commercial 


ae Oi ee 
V_ | Fose = DC to 4 MHz 
V Fosc = DC to 20 MHz. 
Vv Fosc = DC to 200 KHz 













Supply Voltage 
PIC16CR54-XT, RC 
PIC16CR54-HS 
PIC16CR54-LP 


RAM Data Retention VoR 
Voltage (Note 3) | 















Device in SLEEP mode 
See section 13.1 for details on 
power-on-reset 
V/ms| See section 13.1 for details on 
power-on-reset | 


Vop starting voltage to VPOR 
guarantee power on reset 


Vop rise rate to guarantee SVDD 
power on reset 


Note 
PIC16CR54-XT, RC (Note 5) 
PIC16CR54-HS 
PIC16CR54-LP 


Power Down Current 
Commercial (Note 4) 





Fosc = 4 MHz, Vop = 6.0V 
Fosc = 4 MHz, Vop = 3.0V 
Fosc = 200 KHz, Vpbd = 2.5V 
Fosc = 8 MHz, Vop = 5.5V 
Fosc = 20 MHz, Vop = 5.5V 
Fosc = 32 KHz, VOD = 2.0V 
Fosc = 32 KHz, VDD = 6.0V 


PIC16CR54 IPD 1 6 pA VbD = 2.5V, WDT disabled 
2 8* LA VoD = 4.0V, WDT disabled 
3 15 wA | VodD=6.0V, WDT disabled 
5 


25 LA VDD = 6.0V, WDT enabled 


Power Down Current 





industrial (Note 4) 
PIC16CR54 VoD = 2.5V, WDT disabled 
Vop = 4.0V, WDT disabled 


Vop = 4.0V, WDT enabled 
VpbpD = 6.0V, WDT disabled 
Vopb = 6.0V, WDT enabled 


* These parameters are based on characterization and are not tested. 


Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design guidance only and is 
not tested for, or guaranteed by Microchip Technology. | 
Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus loading, oscillator 
_type, bus rate, internal code execution pattern, and temperature also have an impact on the current consumption. 
a) The test conditions for all lop measurements in active operation mode are: OSC1= external square wave, from rail to rail; 
all 1/0 pins tristated, pulled to Voo, RT = Vop, MCLR = Vpp; WDT enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. It is measured in SLEEP with ail 1/0 pins in 
_ hi-impedence state and connected to Vop or Vss. 
Note 5: in RC mode does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vop/2Rext (mA) with Rext in kOhm. 
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16.4 DC CHARACTERISTICS: PICI6CR54E-RC, XT, HS, LP (Automotive 


DC CHARACTERISTICS, Standard Operating Conditions 
POWER SUPPLY PINS Operating temperature -40 < TA < +125°C, unless otherwise stated 
Operating voltage VDD = 3.5V to 5.5V unless otherwise stated 


Characteristic sym 
Vop 
VoR 


Supply Voltage 

PIC16CR54-XT, RC : Fosc = DC to 4 MHz 
PIC16CR54-HS : Fose = DC to 20 MHz 
PIC16CR54-LP : Fosc = DC to 200 KHz 


RAM Data Retention 
Voltage (Note 3) 


Device in SLEEP mode 
VoD start voltage to VPOR See section 13.1 for details on power on 
guarantee power on reset reset 


Vop rise rate to guarantee | SVDD See section 13.1 for details on power on 
power on reset reset 


Supply Current (Note 2) . 
PIC16CR54-XT : : Fosc = 4 MHz, VppD = 5.5V 
PIC16CR54-RC (Note 5) : ; Fosc = 4 MHz, VoD = 5.5V 
PIC16CR54-HS ; ; Fosc = 10 MHz, VoD = 5.5V 


Fosc = 16 MHz, Vop = 5.5V 
PIC16C5X-LP Fose = 32 KHz, VDD = 3.25V, WDT disabled 
Power Down Current 
(Note 4) 
PIC16CR54 VpbD = 3.25V, WDT enabled 


VbD = 3.25V, WDT disabled 





* These parameters are based on characterization and are not tested. 


Note 1: Data in the column labeled “Typical” is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 

a) The test conditions for all |IpD measurements in active operation mode are: 

OSC 1= external square wave, from rail to rail; all |/O pins tristated, pulled to VoD, RT = Vob, MCLR = Vop; WDT 
enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vob/2Rext (mA) with Rext in kKOhm. 


A a a a eI I Sc Ea ee Ie a a I Na IE SP a NS Sa a TRS SN IR Oa 
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16.5 DC CHARACTERISTICS: PIC16CR54-RC, XT, HS, LP (Commercial 
PIC16CR54-RC. XT. HS, LP (Industrial 


| Standard Operating Conditions (unless otherwise stated) 
DC CHARACTERISTICS, Operating temperature -40°C < Ta < +85°C for industrial and 


ALL PINS EXCEPT POWER SUPPLY 0°C <TA< +70°C for commercial 
Operating voltage VoD range as in table 16.3 iniéee otherwise stated 


Characteristic Typ Conditions 
(Note Hides ee 


Input input Low Voltage Voltage 

















I/O ports VIL 0.2 VoD V Pin at hi-impedance 
MCLR (Schmitt trigger) 0.15 Vop V 
RTCC (Schmitt trigger) 0.15 Vob Vv 
OSC1 (Schmitt trigger) 0.15 Vop V PIC16CR54RC only (Note 5) 
OSC1 0.15 Vpb V PIC16CR54-XT, HS, LP 
Input High Voltage 
I/O ports VIH 2.0 V Vop = 3.0V to 5.5V (Note 6) 
0.6 VoD V | Full Vop range (Note 6) 
MCLR (Schmitt trigger) 0.85 Vop Vv 
RTCC (Schmitt trigger) 0.85 Vop V 
OSC1 (Schmitt trigger) 7 0.85 VpD V PIC16CR54-RC only (Note 5) 
OSC1 0.85 VoD V PIC16CR54-XT, HS, LP 
Input Leakage Current , For Vop < 5.5V 
(Notes 3, 4) 
I/O ports HL -1 +1 vA | VSS < VPIN < VDD, 
: Pin at hi-impedance 
MCLR -5 pA | VPIN= VSss + 0.25V 
MCLR 0.5 +5 vA | VPIN = VDD 
RTCC -3 0.5 +5 7 uA | Vss < VPIN < VoD 
uA | Vss < VPIN < VDD, 


OSC1 -3 0.5 +3 


PIC16CR54-XT, HS, LP 





Output Low Voltage 
1/0 Ports lot = 10 mA, VDD = 6.0V 
OSC2/CLKOUT lo. = 1.9 mA, VDD = 6.0V 


Output High Voltage 
I/O Ports (Note 4, 5) Vob-0.5V IOH = -4.0 mA, VDD = 6.0V 
OSC2/CLKOUT Vpb-0.5V IOH = -0.8 mA, VDD = 6.0V 


Note 1: Data inthe column labeled "Typical" is based on characterization results at 25 ° C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : For PIC16CR54-RC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16CR54 
be driven with external clock in RC mode. 

Note 6: The user may use the better of the two specs. TTL level is sierataned in 3.0V to 5.5V range. 
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16.6 DC CHARACTERISTICS: 


DC CHARACTERISTICS, 


ALL PINS EXCEPT POWER SUPPLY 


Characteristic 


Input Low Voltage 
I/O ports 

MCLR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 


input High Voltage 
I/O ports 


MCLR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 


Input Leakage Current 
(Notes 3, 4) 
I/O ports 


MCLR 
MCLR 
RTCC 
OSC1 


Output Low Voltage 
I/O Ports 
OSC2/CLKOUT 
(PIC16CR54-RC) 


Output High Voltage 
I/O Ports (Note 4) 
OSC2/CLKOUT 
(PIC16CR54-RC) 


0.45 Vop 
2.0 

0.36 VoD 
0.85 VoD 
0.85 VoD 
0.85 Vpp 
0.7 VoD 


PIC16CR54-RC, XT, HS, LP (Automotiv 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40 < TA < +125°C 

Operating voltage Vpp range as described in DC spec tables 
16.3 and 16.4 


Typ 
(Note 1) 


0.15 Vob 
0.15 VDD 
0.15 Vopb 
0.15 Vpb 
0.3 VoD 





Pin at hi-impedance 


PIC16CR54-RC only (Note 5) 
PIC16CR54-XT, HS, LP 


For all Vpp (Note 6) 
4.0 V < VoD< 5.5 V (Note 6) 
Vop > 5.5 V 


PIC16CR54-RC only (Note 5) 
PIC16CR54-XT, HS, LP 


For Vop < 5.5V 


Vss < VPIN < VDD, 

Pin at hi-impedance 
VPIN = VSS + 0.25V 
VPIN = VDD 

Vss < VPIN < VDD 

Vss < VPIN < VDD , 
PIC16CR54-XT, HS, LP 


loL = 8.7 mA, VOD = 4.5V 
loL = 1.6 mA, VoD = 4.5V 


IOH = -5.4 mA, VoD = 4.5V 
IOH = -1.0 mA, VoD = 4.5V 


Note 1: Datainthe column labeled "Typical" is based on characterization results at 25 °C. This data is for design guidance 


only and is not tested for, or guaranteed by Microchip Technology. 


Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : For PIC16CR54-RC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16CR54 
be driven with external clock in RC mode. 

Note 6: The user may use better of the two specifications. 
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PIC16CR54-RC, XT, HS, LP (Industrial 


16.7 AC CHARACTERISTICS: PIC16CR54-RC, XT. HS, LP (Commercial 
_ PIC16CR54-RC, XT, HS, LP (Automotive 








Standard Operating Conditions (unless otherwise stated) 
Operating temperature Ta = -40°C to +85°C (industrial), 

TA = -40°C to +125°C (automotive) and 0°C < Ta < +70°C (commercial) 
Operating voltage VoD range as described in DC spec tables 16.3 and 16.4 


ek ee 


MHz | RC mode, VDD = 2.5 to 6.25V 
MHz | XT mode, VbD = 2.5 to 6.25V 
MHz | HS mode, VopbD = 4.5 to 5.5V 

KHz | LP mode, VpD = 2.0 to 6.25V 


Perret 
ns 
us 
ns 
ns 
ns 
ns 


Note 3 
Note 3 





AC CHARACTERISTICS 














Characteristic 













Oscillator 
Frequency (Note 2) 
















Instruction Cycle Time 
External Clock in Timing 
(Note 4) 
Clock in High or Low Time 
XT oscillator type 
LP oscillator type 
HS oscillator type 
Clock in Rise or Fall Time 
XT oscillator type 
LP oscillator type 
HS oscillator 
RESET Timing 
MCLR Pulse Width (low 
RTCC Input Timing, | 
No Prescaler 
RTCC High Pulse Width 
RTCC Low Pulse Width 
RTCC Input Timing, 
With Prescaler 









TCKHLXT 
TCKHLLP 
TCKHLHS 
















TCKRFXT 
TCKRFLP 
TCKRFHS 

























0.5 Tcy+ 20* 
0.5 TcY+ 20* 





RTCC High Pulse Width TRTH 10* ns Note 3 
RTCC Low Pulse Width TRTL 10* ns Note 3 
RTCC Period TRTP Tcv+40 * ns Note 3. Where N = 





[Period (No Prescaler) | Twor 

Period (No Prescaler) TWOT 
Oscillation Start-up Timer 
Period | 


N 
VO Timing 
I/O Pin Input Valid Before 
CLKOUTT (RC Mode) Tps 0.25 TcyY+ 30* 
1/O Pin Input Hold After 
CLKOUTT (RC Mode) TDH 0* 
PD 


prescale value (2,4, ..., 256) 


/O Pin Output Valid After 


CLKOUT! (RC Mode) [| T ER) 
Cosc2 aa pF | In XT, HS and LP modes 













Capacitive Loading 
Specs on Output Pins 
OSC2 
when external clock is used 
fe, to drive OSC1. 
All 1/0 pins and OSC2 





(in RC mode) 
* Based on characterization, but not tested. (Notes on next page) 
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NOTES TO AC CHARACTERISTICS: 
PIC16CR54-RC, XT, HS, LP (COMMERCIAL) 
PIC16CR54-RC, XT, HS, LP (INDUSTRIAL) 


1. 


16.8 Electrical Structure of Pins 


FIGURE 16.8.1 - ELECTRICAL 
STRUCTURE OF I/O PINS (RA, RB) 


Data in the column labeled ‘Typical" is based on characterization 
results at 25°C. This data is for design guidance only and is not 
tested for, or guaranteed by Microchip Technology. 


. Instruction cycle period (Tcy) equals four times the input oscillator 


time base period. 
All specified values are based on characterization data for that 
particular oscillator type under standard operating conditions with 


the device executing code. Exceeding these specified limits may 
result in an unstable oscillator operation and/or higher than 
expected current consumption. All devices are tested to operate at 
“min. values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle time limit 
is "DC" (no clock) for all devices. 


. Fora detailed explanation of RTCC input clock requirements see 


Section 4.2.1. 


. Clock-in high time is the duration for which clock input is at 


VIHOSC or higher. 
Clock-in low time is the duration for which clock input is at VILOSC 
or lower. 


17.0 TIMING DIAGRAMS 
FIGURE 17.0.1 - RTCC TIMING 





FIGURE 16.8.2 - ELECTRICAL 


FIGURE 17.0.2 - OSCILLATOR START-UP 


STRUCTURE OF MCLR AND RTCC PINS TIMING (PIC16CR54RC) 





Schmitt trigger 
Input buffer 


DEVICE 
FUNCTION 


RESET ——————~ FETCH 1. INSTRUCTION 1 FETCH 2. INSTRUCTION 


‘ 
t 
t 
| EXECUTE “FORCED* NOP !EXECUTE 1. INSTRUCTION 
‘ 8 


Note to figures 16.8.1 and 16.8.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect against ESD 
(Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect the input buffer from ESD. 


FIGURE 17.0.3 - INPUT/OUTPUT TIMING FOR I/O PORTS (PIC16CR54RC*) 


<<a 


OSC2/ 


CLKOUT | | | 
——— 


i-——— Tds 
' f 


weur LLL) 


—— 
'Tpd 


tp—menl 
‘Ted | 


= t 
< eacrr 7 ep Seeene nRe SAR DREN SANS 
ee HIGH - Z 


* The CLKOUT output is available only on PIC16CR54-RC devices. 
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18.0 DC AND AC CHARACTERISTICS 
GRAPHS/TABLES 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified Vop 


range). This is for information only and devices are 


guaranteed to operate properly only within the specified 
range. 


The data presented in this section is a statistical sum- 
mary of data collected from units from different lots over 
a period of time. ‘Typical’ represents the mean of the 
distribution while 'max' and 'min' represents (mean + 3s) 
and (mean - 3s) respectively where s is standard devia- 
tion. | , 


FIGURE 18.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs. Vpp* 


N 
& 
= 
8 
uu. 


4.5 
VoD (Volts) 





“Measured on PDIP Packages 





FIGURE 18.0.1 - TYPICAL RC OSCILLATOR | 
ee FREQUENCY vs. a 
TEMPERATURE. 


Fose FREQUENCY NORMALIZED TO +25'C 
Fosc (25°C) 
1.10 


1.08 


1.06 


i a 
eek a 
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1G) ae 


_ FIGURE 18.0.3- TYPICAL RC OSCILLATOR 


FREQUENCY vs. Vop* 


Fosc (Mhz) 
& bk 


ad 
ro) 


2 
ro) 


VDD (Volts) 





*Measured on PDIP Packages 
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FIGURE 18.0.4 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp* 
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*Measured on PDIP Packages 


FIGURE 18.0.5 - TYPICAL IPp vs VoD 
WATCHDOG TIMER 
ENABLED 25°C 
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TABLE 18.0.1 - RC OSCILLATOR FREQUENCY 
VARIATION FROM UNIT TO 
UNIT* 


Average 
Fosc @ 5V, 25°C 


6.02 MHz 

4.06 MHz 
2.47 MHz 
261 KHz 














1.82 MHz 
1.28 MHz 
715 KHz 

72.4 KHz 


712.4 KHz 
508 KHhz 
278 KHz 

28 KHz 





*Measured on PDIP Packages 


The percentage variation indicated here is part to part 
variation due to normal process distribution. The varia- 
tion indicated is +3 standard deviation from average 
value for full VDD range. 


FIGURE 18.0.6 - MAXIMUM IPD vs VoD 
WATCHDOG TIMER 
ENABLED 


Industrial Temp. 


40 45 
VoD (Volts) 
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FIGURE 18.0.7 - VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs Vop 





_ VTH (volts) 


Vi, max (-40°C to 55°C) 


eT Cee mG 


ee Monde om ee 
VoD (volts) 
Note: These input pins have Schmitt trigger input buffer. 





FIGURE 18.0.9 - VTH, (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP 
MODES) vs Vop : 


VTH (volts) 


Vop (volts) 
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FIGURE 18.0.10 - TYPICAL Ipp vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 18.0.11 - MAXIMUM Ipp vs FREQ (EXT CLOCK, -40°C TO +85°C) 
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FIGURE 18.0.12- WDT Timer Time-out Period = FIGURE 18.0.13 - Transconductance (gm) of 
vs VoD : HS Oscillator vs Vpp 
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Vep (Volts) VD (Volts) 
FIGURE 18.0.14 - Transconductance (gm) of FIGURE 18.0.15 - Transconductance (gm) of 
LP Oscillator vs VoD XT Oscillator vs Vpp 


Vop (Volts) VoD (Volts) 
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FIGURE 18.0.16 - loH vs VOH, VoD = 3V FIGURE 18.0.17 - lOH vs VOH, VDD = 5V 
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TABLE 18.0.2 - INPUT CAPACITANCE FOR — 
PIC16CR54 * : 


Typical Capacitance (pF) 


18L PDIP | 18L SOIC 


RA, RB port - 


MCLR 
OSC1 ,OSC2/CLKOUT 
RTCC 
* All capacitance values are typical at 25°C. A part to 


part variation of +25% (three standard deviations) 
should be taken into account. 
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19.0 PACKAGING INFORMATION 


See Section 11 of the Data Book. 


19.1 Package Marking Information 


18L PDIP Example 


PIC16CR54- 
RCI/P456 


AN\9123 CBA 





18L SOIC Example 


MMMMMMMMM 
MMMMMMMMM 


J AABB CDE 





MM...M_ Microchip part number information 

XX...X Customer specific information 

AA Year code (last 2 digits of calendar year) 

BB Week code (week of January 1 is week '01') 

Cc Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 





AL LL TS EES TR SE ASAE ASST STS ETE AE AOS ELT TTL 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
CompuServe® communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 





To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because Compuserve is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 


NETWORK<ENTER?> and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 

may call (614) 457-1550 for your local CompuServe 

number. PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 


Trademarks: 


The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 


PICMASTER, PRO MATE and PICSTART are trademarks 
of Microchip Technology Incorporated. 


ACCESS.bus is a trademark of the ACCESS.bus Industry 
Group. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


Microsoft and Microsoft Windows are registered trade- 
marks of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16CR54 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 





PART NO. -XX X /XX XXX 


= Pattern: 3-Digit Pattern Code 


Package: P PDIP 
SO = 300 mil SOIC (Gull Wing Lead) 
SS = SSOP (209 mil) | 
Examples: 
Temperature - = O°C to +70°C a) PIC16CR54 - XT/P169 = 


Range: I = -40°C to +85°C "XT" oscillator, commercial 
E = -40°C to +125°C temp., PDIP, with ROM 

pattern 169 
RC b) PIC16CR54 - LP I/SO592 = 
; XT . "LP" oscillator, industrial 
Type: HS temp., SOIC device with 


Oscillator 


ROM code 592 
LP 


PIC16CR54 
PIC16CR54T (In tape and reel, in SOIC package only) 





Sales and Support 











Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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EPROM-Based 8-Bit CMOS Microcontroller 





FEATURES 


Compatibility 
e Pin and software compatible with PIC16C54 device 


High-Performance RISC-like CPU 

e Only 33 single word instructions to learn 

e All single cycle instructions (200 ns) except for 
program branches which are two-cycle 

e Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 

12-bit wide instructions 

8-bit wide data path 

512 x 12 on-chip EPROM program memory 

25 x 8 general purpose registers (SRAM) 

Seven special function hardware registers 

Two-level deep hardware stack 

Direct, indirect and relative addressing modes for data 

and instructions 


Peripheral Features 

e 12 I/O pins with individual direction control 

e 8-bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 

Power-On Reset 

Oscillator Start-up Timer 

Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

Security EPROM fuse for code-protection 
Power saving SLEEP mode 

EPROM fuse selectable oscillator options: 

- Low-cost RC oscillator: RC 

- Standard crystal/resonator: XT 

- High-speed crystal/resonator: HS 

- Power saving, low frequency crystal: LP 


CMOS Technology 
e Low-power, high-speed CMOS EPROM technology 
e Fully static design 
e Wide-operating voltage range: 
- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
e Low-power consumption 
- <2mA typical @ 5V, 4 MHz 
- 15pA typical @ 3V, 32 KHz 
- < 3A typical standby current @ 3V, 0°C to 70°C 


FIGURE A - PIN CONFIGURATIONS 


PDIP, SOIC, 
CERDIP Window 


16 [}] OSC1/CLKIN—— 
15 [] OSC2/CLKOUT —> 


VeSO9LOld 


18 |] OSC1/CLKIN <#- 
17 L] OSC2/CLKOUT —> 


a 
° 
od, 
o 
Oo 
g 
> 
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1.0 GENERAL DESCRIPTION 


The PIC16C54A from Microchip Technology is a new 
member of the PIC16C5X family of low-cost, high- 
performance, 8-bit, fully static, EPROM based CMOS 
microcontrollers. This device is pin and software com- 
patible with the PIC16C54. It employs a RISC-like archi- 
tecture with only 33 single word/single cycle instructions 
to learn. All instructions are single cycle (200ns) except 
for program branches which take two cycles. The 
PIC16C54A delivers performance an order of magni- 
tude higher than its competitors in similar price category. 
The 12-bit wide instructions are highly symmetrical 
resulting in 2:1 code compression over other 8-bit micro- 
controllers in its class. The easy to use and easy to 
remember instruction set reduces development time 
significantly. 


The PIC16C54A is equipped with special microcontroller- 
like features that reduce system cost and power require- 
ments. The Power-On Reset and Oscillator Start-Up 
Timer eliminate the need for external reset circuitry. 
There are four oscillator configurations to choose from, 
including power saving LP (Low Power) oscillator and 
cost saving RC oscillator. Power saving SLEEP mode, 
watchdog timer and code protection features improves 
system cost, power and reliablity. 


The UV-erasable cerdip-packaged versions are ideal for 
code development while the cost-effective One Time 
Programmable (OTP) versions are suitable for produc- 
tion in any volume. The customer can take full advan- 
tage of Microchip’s price leadership in OTP microcon- 
troller while benefiting from the OTP flexibility. 


The PIC16C54A is supported by an assembler, a soft- 
ware simulator, an in-circuit emulator and a production 
quality programmer. All the tools are supported by IBM 
PC® and compatible machines. 


TABLE 1.0.1 - OVERVIEW OF PIC16C5X AND PIC16C5XA DEVICES 


Memory | User RAM 
Program 
(12-bit Words) 


BRK REAR 
-PIC16CR54 oo 


PIC16C55 512 (OTP) 


PIC16C57 2048 (OTP 
PIC16CR57A!t | 2048 (OTP 


PIC16C58At | 2048 (OTP) Ll 


PIC16C56 1024 (OTP) ee 


72 
73 


Package Options 


a CS 

21 28-lead windowe 
28-lead SOIC (300 mil), 28-lead SSOP 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
18-lead SOIC (300 mil), 20-lead SSOP 
28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 
28-lead SOIC (300 mil), 28-lead SSOP 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
18-lead SOIC (300 mil), 20-lead SSOP 
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1.1 Applications 


The PIC16C54A device fits perfectly in applications 
ranging from high speed automotive and appliance 


motor control to low-power remote transmitters/receiv- » 
ers, pointing devices, and telecom. processors. The 


EPROM technology makes customization of application 
programs (transmitter codes, motor speeds, receiver 
frequencies, etc.) extremely fast and convenient. The 
small footprint packages for through hole or surface 


mounting make this microcontroller series perfect for all 
applications with space limitations. Low-cost, low-power, 
high performance, ease of use and I/O flexibility make 
the PIC16C54A very versatile even in areas where no 
microcontroller use has been considered before (e.g. 
timer functions, replacement of "glue" logic in larger 
systems, co-processor applications). 


TABLE 1.0.2 - CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


Vpp: 3.0V to 6.25V 

Idd: 3.3mA Max. at 5.5V 

Ipd: 9UA Max. at 3V WDT dis 
Freq.: 4MHz Max. 

Vob: 3.0V to 6.25V 

Idd: 3.3mA Max. at 5.5V 

Ipd: 9uUA Max. at 3V WDT dis 
Freq.: 4MHz Max 


Idd: 20mA Max. at 5.5Vtyp at 5.5V | Do not use in HS mode 
Ipd: 0.6uA typ. at 4.5V WDT dis | 
Freq.: 20 MHz Max. 


Do not use in LP mode 








Voo: 2.5to 6.25V_ 

Idd: 32uA Max. at 32KHz, 3.0V 
Ipd: 9uA Max. at 3.0V WDT dis 
Freq.: 200KHz Max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX speciicallone: 
It is recommended that the user selects the device type that guarantees the specifications required. 
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2.0 ARCHITECTURAL DESCRIPTION 


2.1 Harvard Architecture 


The PIC16C54A single-chip microcomputer is a low- 
power, high-speed, full static CMOS devices containing 
EPROM, RAM, I/O and a central processing unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC16C54A is given in Figure 2.1.1. 


2.2 Clocking Scheme/Instruction Cycle 


The clock input (from pin OSC1) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, PC is incre- 
mented every Q1, instruction is fetched from program 
memory and latched into instruction register in Q4. Itis 
decoded and executed during the following Q1 through 
Q4. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 


TABLE 2.1.1 - PIN FUNCTIONS 


RAO - RA3 
RBO - RB7 


/O PORTA | 
/O PORTB 


RTCC Real Time Clock/Counter 


MCLR Master Clear 
OSC1/CLKIN Oscillator (input) 
OSC2/CLKOUT Oscillator (output) 

VDD Power supply 

Vss Ground 

N/C No (internal) Connection 





FIGURE 2.1.1 - PIC16C54A SERIES BLOCK DIAGRAM 
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2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 32 ad- 
dressable 8-bit registers including the I/O Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable while a "banking" scheme, with 
banks of 16. bytes each, is employed to address larger 
data memories (Figure 4.2.1). Data can be addressed 
direct, or indirect using the file select register (f4). 
Immediate data addressing is supported by special 
"literal" instructions which load data from program 
memory into the W register. 


The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. _ 


In addition, special purpose registers are used to control 
the I/O port configuration, and the prescaler options. 


FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE 


FC 
(Program Counter) 


OSC2/CLKOUT | 
(RC Mode) 





2.4 Arithmetic/Logic Unit (ALU) 


The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool- 
ean functions between data held in the W Register and 
any file register. It also does single operand operations _ 
on either the W register or any file register. 


2.5 Program Memory 


512 words of 12-bit wide on-chip program memory 
(EPROM) can be directly addressed. 


Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera- 
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc- 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 


Execute INST (PC+1) 
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3.0 PIC16C54A SERIES OVERVIEW 


A wide variety of EPROM and RAM sizes, number of 
I/O pins, oscillator types, frequency ranges, and packag- 
ing options is available. Depending on application and 
production requirements the proper device option can 
be selected using the information and tables in this 
section. When placing orders, please use the 
"PIC16C54A Product Identification System* on the back 
page of this data sheet to specify the correct part 
number. 


3.1 UV Erasable Devices 


These devices are optimal for prototype development 
and pilot series. The desired oscillator configuration is 
EPROM programmable as "RC", "XT", "HS" or "LP". An 
erased device is configured as "RC" type by default. 
Depending on the selected oscillator type and frequency, 
the operating supply voltage must be within the same 
range as a OTP/QTP part would be specified for. 


3.2 One-Time-Proar P) Devi 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices have the oscillator type pre-config- 
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). 


The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the Watch- 
dog Timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The 16 special EPROM bits for ID code storage 
are also user programmable. 


ick- 
Devices 

Microchip offers aQTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code pattems have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. 


3.4 Serialized-Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
few locations in each device are programmed with 
different serial numbers. The serial numbers may be 
random, pseudo-random or sequential. 


Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
ID number. 
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4.0 OPERATIONAL REGISTER FILES 
4d Indirect Data Addressing 


This is nota physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the resultinW. 


lf INDF itself is read through indirect. gacredeind (i.e. 
FSR = Oh), then 00h is read. If INDF is written to via 
indirect addressing, the result will be a NOP. 


4.2 Real Time Clock/Counter Register 
(RTCC) pues 


This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 4.1.1 is a simplified block 
diagram of RTCC. 


An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
‘in the OPTION register. OPTION register is a special 
‘register (not mapped in data memory) addressable 
using the 'OPTION' instruction. See Section 7.4 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to RTCC (e.g. CLRF RTCC, or 
BSF RTCC,5, ...etc.) clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines if RTCC is incremented internally or 
externally. 

RTS=1: The clock source for the RTCC or the pres- 
caler, if assigned to it, is the signal onthe RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines if an increment occurs on the falling 
(RTE=1) or rising (RTE=0) edge of the signal 
presented to the RTCC pin. 


RTS=0: The RTCC ‘register or its prescaler, ‘respec- 
tively, will be incremented with the internal 
instruction clock (= Fosc/4). The "RTE" bit in the 
OPTION register and the RTCC pin are "don't 
care" in this case. The RTCC pin must not be. 
left floating (tie to VoD or Vss). This prevents 
unintended entering of test modes and to re- 
duce the current consumption in low power 
applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), RTCC 
keeps incrementing and just rolls over when the value 
"FFh" is reached. All increment pulses for RTCC are 
delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as- 
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read- 
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC).. 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. Timing diagrams in Figure 
4.2.2 show RTCC read, write and increment timing. 


4.2.1 | TCC WITH EXTERNAL CLOCK 


When external clock input is used for RTCC, it is syn-. 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1.1, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising — 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tosc and low for at least 2 tosc 
where tosc = oscillator time period. 


FIGURE 4.1.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 
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Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1). 
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FIGURE 4.2.1 - PIC16C54A DATA MEMORY MAP 
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SEE SECTION "OPERATIONAL REGISTER FILES" FOR DETAILS 
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When no prescaler is used, PSOUT (Prescaler output, 
see Figure 4.1.1) is the same as RTCC clock input and 
therefore the requirements are: 

TRTH= RTCC high time = 2tosc + 20ns 

TRTL = RTCC low time 2 2tosc + 20ns 


When prescaler is used, the RTCC inputis divided by the 

asynchronous ripple counter-type prescaler and so the 

prescaler output is symmetrical. 

Then: PsoutT high time = Psout low time = 
where TRT = RTCC input period and N = prescale value 

(2, 4, ..... 256). The requirement is, therefore N=TRT_ 
> 2tosc + 20 ns, or TAT > ee 


Ne TART 
Nay at 


The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary, the RTCC input requirements 
are: 


TRT = RTCC period 2 (4 tosc + 40ns)/N 
TRTH = RTCC high time = 10ns 
TRTL = RTCC low time = 10ns 


Delay from external clock edge: Since the prescaler 


output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 4.2.3, the reader can see that this 
delay is between 3 tosc and 7 tosc. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within +4 tosc (4200ns @ 20 MHz). 


4.3 Program Counter (PC) 


The program counter generates the addresses for on- 
chip ROM containing the program instruction words 
(Figure 4.3.1). 


The program counter is set to all “1"s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) "GOTO" instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0>). 

b) "CALL" instructions load the lower 8-bits of the PC 
directly while the ninth bit is cleared to "0". The PC 
value, incremented by one, will be pushed into the 
stack. 

c) "“RETLW" instructions load the program counter 
with the top of stack contents. 

d) If PC is the destination in any instruction (e.g. 
MOVWFE PC, ADDWF PC, or BSF PC,5) then the 
computed 8-bit result will be loaded into the lower 
8-bits of program counter. The ninth bit of PC will be 
cleared. 


FIGURE 4.2.2A - RTCC TIMING: INT CLOCK/NO PRESCALE 
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FIGURE 4.2.3 - RTCC TIMING WITH EXTERNAL CLOCK 
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1. Delay from clock input change to RTCC increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 


FIGURE 4.3.1 - PROGRAM MEMORY ORGANIZATION 
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4.4 Stack 


The PIC16C54A series employs a two-level hardware 
push/pop stack (Figure 4.3.1). 


CALL instructions push the current program counter 
value, incremented by "1", into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent "CALL"s are executed, only the most recent 
two return addresses are stored. 








DIRECT FROM INSTRUCTION WORD 
ALWAYS "0" 


DIRECT FROM INSTRUCTION WORD 
FROM ALU 


RETLW instructions load the contents of stack level 1 


into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent "RETLW's are 
executed, the stack will be filled with the address previ- 
ously stored in level 2. 
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4.5 Status Word Register (STATUS) Clear all bits except for TO and PD and then set the Z bit 


and leave STATUS register as 000UU100 (where U = 
This register contains the arithmetic status of the ALU, = —_ unchanged). oo, | 


the RESET status. | ; | 
| 7 ? It is recommended, therefore, that only BCF, BSF and. 
The STATUS register can be destination for any instruc- MOVWE instructions are used to alter the STATUS 


tion like any other register. However, the status bits are — registers because these instructions do not affect any 
set after the following write. Furthermore, TO and PD status bit. 

bits are not writable. Therefore, the result of an instruc- ; ae ; 

tion with STATUS register as destination may be differ- For other instructions, affecting any status bits, see 
ent than intended. For example, CLRF STATUS will Section “Instruction Set Summary" (Table 10.0.1). 


FIGURE 4.5.1 - STATUS WORD REGISTER 


RESET CONDITION: 
PA2,PA1, PAO cleared to 'O'. 
} paz | pai | pao} TO | FO | z | co | c | TO, PD are set or reset as shown in Table 4.5.2.1 
Z, DC, C are unknown on power on reset and 
bit 0 unchanged in any other reset. _ 


CARRY/BORROW BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low 
order bit of the source register. 


DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This 
bit is reset to "0" by a SLEEP instruction. 


TIME-OUT BIT: 

Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "O" by a watchdog timer time 
out. 


PIC16C54A : Two general purpose read/write bits. In PIC16C56 
and PIC16C57 these are page select bits. 


BIT 7: General purpose read/write bit 
(reserved for future use) 
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4.5.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 


The Carry bit (C) is a carry out in addition operation 
(ADDWF) and a borrow out in subtract operation 
(SUBWF). 


It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit operation: 








;SUBWF Example #1 
clrf 0x20 


;£(20h) =0 
movlw 1 ;wreg=1 
subwf— 0x20 ;£(20h)=£(20h) -wreg=0-1=FFh 


;Carry=0: Result is negative 


; SUBWF Example #2 
moviw OxFF =; 
:£(20h) =FFh 


movwE£ 0x20 

clrw ;wreg=0 

subwf 0x20 ;£(20h)=f£ (20h) -wreg=FFh- 
O=FFh 


;Carry=1:Result is positive 


e 
4 


The digit carry operates in the same way as the carry bit, 
i.e. it is a borrow in subtract operation. 


.2 TIME OUT AND POWER DOWN STATUS 
BITS (TO, PD) 


The TO and PD bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a Watchdog Timer timeout, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 


These status bits are only affected by events listed in 
Table 4.5.2.1. 





TABLE 4.5.2.1 - EVENTS AFFECTING PD/ 
TO STATUS BITS 


Power-up 


WDT Timeout 
SLEEP instruction 
CLRWDT instruction 





Note: | A WOT timeout will occur regardless of the status of the TO 
bit. A SLEEP instruction will be executed, regardless of the 
status of the PD bit. Table 4.5.2.2 reflects the status of PD 
and TO after the corresponding event. 


TABLE 4.5.2.2 - PD/TO STATUS AFTER 
RESET 


TO PD RESET was caused by 


WDT wake-up from SLEEP 
WDT time-out (not during SLEEP) 


MCLR wake-up from SLEEP 
Power-up 
= Low pulse on MCLR input 





Note: The PD and TO bit maintain their status (U) until an event 
of Table 4.5.2.1 occurs. A low-pulse on the MCLR input 
does not change the PD and TO status bits. 





4.6 File Select Register (FSR) 
PIC16C54A 


Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for file INDF in 
any of the file oriented instructions). 


Bits 5-7 of the FSR are read-only and are always read as 
“one"s. 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 
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5.0 /O REGISTERS (PORTS) 


The I/O registers can be written and read under program 
control like any other register of the register file. How- 
ever, “read” instructions (e.g. MOVF PORTB,W) always 
read the I/O pins, regardless if a pin is defined as "input" 
or “output.” Upon a RESET condition, all /O ports are 
defined as *input" (= high impedance mode) as the I/O 
control registérs (TRISA, TRISB) are all set to "ones." 


The execution of a “TRIS f" instruction with correspond- 
ing "zeros" in the W-register is necessary to define any 
of the I/O pins as output. 


5.1 PORTA 


4-bit I/O register. Low-order 4-bits only are used (RAO - 
RA3). Bit 4 - 7 are unimplemented and read as “zeros.” 


5.2 PORTB 
8-bit I/O register. 
5.3 f7 


In PIC16C54A, file register f7 is a general purpose 
register. 


5.4 W/O Interfacing 


The equivalent circuit for an I/O port bit is shown in 
Figure 5.4.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond- 
ing direction control bit (in TRISA, TRISB) must be set to 
zero. For use as an input, the corresponding TRIS bit 5.5 
[/O Programming Considerationsmust be "one". Any I/O 
pin can be programmed individually as input or output. 


FIGURE 5.4.1 - EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN 
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5.5 //O Programming Considerations | 
5.5.1_ BIDIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTE is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the 
pin itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


Apin actively outputting a “O" or "1" should not be driven 
from external devices at the same time in order to 
change the level on this pin (“wired-or", "wired-and"). 
The resulting high output currents may damage the chip. 


FIGURE 5.5.2.1 - /O PORT READ/WRITE TIMING 


'at!] a2] asla4' aril ai asia arf cel ala! atl ai aia! 
! t r ' 1 
PO {PCC PCH OK PCH 


Instruction + MOVWFPORTB :MOVFPORTB,W: | 

fetched Writeto PORTB ' ReadPORTB | 
t 

] 


RB (7:0) 


i] 

a. 
PD 

' Execute ' 

i} 


NOP 


1 sampled here , 


! 

t 

( 

t I 

t ! 
: ' TCY = instruction cycle 
i Port pin Therefore, at higher clock 

t 

I 

J 

1 


Execute 


5.5.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5.5.2.1). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this I/O port. 


Note: 


PC +3 
NOP 


This example shows write 
to PORTB followed by a 
read from PORTB. Note 
that the data setup time = 
(0.25 TCY - TPD) where 


frequencies, write followed 
by a read may be 
problematic. 


MOVWF PORTB. ' MOVF PORTB, W 
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6.0 GENERAL PURPOSE 
REGISTERS 


fO7h -f1Fh: are general purpose register files. 


7.0 SPECIAL PURPOSE REGISTERS 


7.1 Ww Working Register 


Holds second operand i in two operand instructions and/ 
or supports the internal data transfer. 


7.2 TRISA VO Control Register For 
- PORTA 


Only bits 0 - 3 are available. The corresponding I/O port 
(f5) is only 4-bit wide. 


7.3 TRISB WO Control Register For 
PORTB 


The I/O control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 


FIGURE 7.4.1 - OPTION REGISTER 


PRESCALER 


A “1" in the I/O control register puts the corresponding 
I/O pin into a high impedance mode. A "0" puts the 
contents of file register PORTA or PORTB, respectively, 
out on the selected I/O pins. 


These registers are "write-only" and are set to all "ones" 

upon a RESET condition. | 

7.4 OPTION Prescaler/RTCC Option 
Register 

Defines prescaler assignment (RTCC or WDT), pres- 


caler value, signal source and signal edge for the RTCC. 
The OPTION register is "write-only" and is 6 bit wide. 


By executing the “OPTION* instruction, the contents of 


the "W" register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
“ones." | 


RESET VALUE: 111111b 


a 
ice 
Me 
1: 
1: 
1 
A le 
- 4 


PRESCALER ASSIGNMENT BIT: 


0.... RTCC 
1.... WOT 


RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1.... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 
0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1..... TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION 


A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input “low", or by 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the Oscillator Start-up Timer (OST) is 
active or the MCLR input is “low." 


The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of Power-On Reset with MCLR tied to Vop the OST 
Starts from power-up. Incase of WDT timeout, it will start 
at the end of the timeout (since MCLR is high). In case 
of MCLR reset, the OST will start when MCLR goes high. 
The nominal OST timeout period is 18ms. See Section 
13.0 for detailed information on OST and Power-On 
Reset. 


During a RESET condition the state of the PIC16C54A 

is defined as : 

e The oscillator is running, or will be started (power- 
up or wake-up from SLEEP). 

e All I/O port pins (RAO - RA3, RBO - RB7 are put into 
the high-impedance state by setting the "TRIS" reg- 
isters to all "ones" (= input mode). 

e The Program Counter is set to all “ones” (1FFh). 

e The OPTION register is set to all "ones". 

e The Watchdog Timer and its prescaler are cleared. 

e The upper-three bits (page select bits) in the Status 
Register (f3) are cleared to "zero." 

e "RC" devices only: The "CLKOUT" signal on the 
OSC2 pin is held at a"low" level. 











9.0 PRESCALER 


An8-bit counter is available as a prescaler for the RTCC, 
or as a post-scaler for the Watchdog Timer, respectively 
(Figure 9.0.1). For simplicity, this counter is being re- 
ferred to as "prescaler" throughout this data sheet. Note 
that there is only one prescaler available which is mutu- 
ally exclusively shared between the RTCC and the 
Watchdog Timer. Thus, a prescaler assignment for the 
RTCC means that there is no prescaler for the Watchdog 
Timer, and vice-versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, 
BSF RTCC,x ....etc.) will clear the prescaler. When 
assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. 


FIGURE 9.0.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 


CLKOUT (=Fosc/4) tee.  f DATA BUS 
0 1 


SYNC 
2 
CYCLES 





8-BIT COUNTER 


8-TO-1 MUX 


| 


WDT ENABLE 
EPROM FUSE 


WDT Note: RTE, RTS, PSA, PSO-PS2 
TIMEOUT are bits in the OPTION register. 
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9.1 Switching Prescaler Assignment 
CHANGING PRESCALER FROM RTCC TO WDT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WDT: 


1. MOVLW B'xx0xOxxx' __; Select internal clock and select new 
2. OPTION _ > prescaler value. If new prescale value 


: is = '000' or '001', then select any other 


; prescale value temporarily. 


3. CLRF 1 : Clear RTCC and prescaler. 

4. MOVLW B'xoxlxxx' —_; Select WOT, do not change prescale 
; value. 

5. OPTION ; 

6. CLRWDT : Clears WDT and prescaler. 


7. MOVLW B'xxxxtxox' —_; Select new prescale value. 
8. OPTION : 


Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or ‘001’. 


CHANGING PRESCALER FROM WDT TO RTCC 


Tochange prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWDT ; Clear WDT and prescaler 

2. MOVLW  B'xxxx0xxx' ; Select RTCC, new prescale value 
; and clock source 

3. OPTION : 


Notes to Table 10.0.1 


10.0 BASIC INSTRUCTION SET 
SUMMARY 


Each instruction is a 12-bit word divided into an OPCODE 
which specifies the instruction type and one or more 
operands which further specify the operation of the 
instruction. The instruction set summary in Table 10.0.1 
lists byte-oriented, bit-oriented, and literal and control 
operations. 


_ For byte-oriented instructions, "f" represents a file regis- 


ter designator and "d" represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If "d" is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while “f" represents the number of the 
file in which the bit is located. 


For literal and control operations, "k" represents an eight 
or nine bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 psec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 wsec. 


Note 1: The ninth bit of the program counter will be forced to a "zero" by any instruction that writes to the PC except for 
GOTO (e.g. CALL, MOVWF PC etc.). See Section 4.3 on page 8 for details. 

Note 2: When an I/O register is modified as a function of itself (e.g. MOVF PORTB,1 ), the value used will be that value 
present on the pins themselves. For example, if the data latch is "1" for a pin configured as output and is driven 
low by an external device, the data will be written back with a ‘0’. 

Note 3: Theinstruction "TRIS f" , where f=5,6, or 7 causes the contents of the W register to be written to the tristate latches 
of the specified file (port). A "one" forces the pin to a high impedance state and disables the output buffers. 

Note 4: If this instruction is executed on file register f1 (and, where applicable, d=1), the prescaler will be cleared if assigned 


to the RTCC. | 
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TABLE 10.0.1 - INSTRUCTION SET SUMMARY 


(11-6) (5) (4 - 0) 


BYTE-ORIENTED FILE REGISTER OPERATIONS | opcopE | d | {(FILE#) | 


d = 0 for destination W 
d = 1 for destination f 











Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 
0001 11d£ Add W and f ADDWF W+fod 

0001 01d£ AND W and f ANDWF W&fod 

0000 011£ Clear f CLRF 0-f 

0000 0100 Clear W CLRW 0—W 

0010 01ldf Complement f COMF fod 

0000 11df£ Decrement f DECF f-1-d 

0010 11df Decrement f,Skip if Zero DECFSZ f- 1—9d, skip if zero 

0010 10d£ Increment f INCF f+1—-d 

0011 11df£ Increment f,Skip if zero INCFSZ f+ 1-4, skip if zero 

0001 00d£ Inclusive OR W and f lORWF Wvf-d 

0010 O0df Move f MOVF fod 

0000 001£ Move W to f MOVWF Wf 

0000 0000 No Operation NOP - 

0011 O1df Rotate left f RLF f(n) — d(n+1), C + d(0), f(7) oC 

0011 00df£ Rotate right f RRF f(n) — d(n-1), C - d(7), (0) > C 

0000 10df Subtract W from f SUBWF f-W>d[f+W+1—->d] 

0011 10d£ Swap halves f SWAPF f(0-3) < f(4-7) od 

0001 10df Exclusive OR W and f XORWF We fd 

(11-8) (7-5) (4-0) 
BIT-ORIENTED FILE REGISTER OPERATIONS OPCODE b(BIT #)|  {(FILE #) 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 
0100 bbbf ffff£ 4bf Bit Clearf BCF f,b 0 -> f(b) None 2,4 
0101 bbbf f£fFfE 5Sbf Bit Setf BSF f,b 1-—> f(b) None 2,4 
0110 bbbf ff£ff 6bf Bit Test f,Skip if Clear BTFSC f,b Test bit (b) in file (f): Skip if clear None 

0111 bbbf f£fE 7bf Bit Test f, Skip if Set BIFSS f,b Test bit (b) in file (f): Skip if set None 

(11-8) (7 - 0) 
LITERAL AND CONTROL OPERATIONS OPCODE k (LITERAL) 

instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


1110 kkkk AND Literal and W ANDLW 
1001 kkkk Call subroutine CALL 
0000 0000 Clear Watchdog timer CLRWDT 
101k kkkk Go To address (kis 9 bit) GOTO 
1101 kkkk Incl. OR Literal and W IORLW 


k&W—> W Z 

PC + 1 —» Stack, k — PC None 1 
0 — WDT (and prescaler, if assigned) TO, PD 
k—» PC (9 bits) None 
kvW>5W Z 

kW None 

W — OPTION register None 

k — W, Stack — PC None 

0 — WOT, stop oscillator TO, PD 
W-> 1/0 control register f None 3 
k@eW>W Z 


1100 kkkk Move Literal to W MOVLW 


0000 0000 Load OPTION register OPTION 
1000 kkkk Return,place LiteralinW RETLW 
0000 0000 Go into standby mode SLEEP 
0000 0000 Tristate port f TRIS 
1111 kkkk Excl. OR Literal and W XORLW 


Notes: See previous page 





i 
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11.0 WATCHDOG TIMER (WDT) 


The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. The WDT can be permanently disabled by 
programming a "zero" into an EPROM fuse which is not 
part of the normal program memory EPROM. 


11.1 WDT Period 


The WDT has a nominal timeout period of 18ms, (with no 
prescaler). The timeout periods vary with temperature, 
VbD and process variations from part to part (see DC 
specs). If longer timeout periods are desired, a pres- 
caler with a division ratio of up to 1:128 can be assigned 
to the WDT under software control by writing to the 
OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 


The “CLRWDT" and "SLEEP" instructions clear the 


WDT and the prescaler count, if assigned to the WDT, 
and prevent it from timing out and generating a device 
RESET condition. 


The status bit TO in file register STATUS will be cleared 
upon a watchdog timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and willalso vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 


11.2 WDT Programming Considerations 


It should also be taken in account that under worst case 
conditions (VoD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.0 OSCILLATOR CIRCUITS 


12.1 Oscillator Types 


The PIC16C54A series is available with four different 
oscillator options. On windowed devices, a particular 
oscillator circuit can be selected by programming the 
configuration EPROM accordingly. . 


On OTP and QTP devices, the oscillator configuration is 
programmed by the factory and the parts are tested only 
to the according specifications. 


12.2 Crystal Oscillator 


The PIC16C54A crystal options (-XT, -HS, or LP) need 
a crystal or ceramic resonator connected to the OSC1 
and OSC2 pins to establish oscillation (Figure 12.2.1). 
XT = Standard crystal oscillator, HS = High speed crystal 
oscillator. The series resistor RS may be required for the 
"HS" oscillator, especially at lower than 20 MHz oscilla- 
tion frequency. It may also be required in XT mode with 
AT™ strip-cut type crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing insensitive applications the "RC" device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 


_ temperature. In addition to this, the oscillator frequency 


will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 


The user also needs to take into account variation to due 


tolerance of external R and C components used. Figure 
12.3.1 shows how the R/C combination is connected to 
the PIC16C54A. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 3 
kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. | 
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See the table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18.0 for variation of oscil- 
lator frequency due to VoD for given Rext/Cext values as 
well as frequency variation due to operating temperature 
for given R, C, and Vpp values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2.1 for 
timing). 


FIGURE 12.2.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 


PIC16C5XA 


ey f 
/“— SLEEP 


~@---- b> TO INTERNAL 
LOGIC 


Rs may be required in HS and XT modes for AT strip-cut 
crystals to avoid overdriving. See Tables 12.2.1 and 12.2.2 
for recommended values of C1, C2 per oscillator type and 
frequency. 


TABLE 12.2.1 - CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 


Oscillator Resonator Capacitor Range 
Type Frequency C1=C2 
XT 455 KHz 
2.0 MHz 
4.0 MHz 


HS 8.0 MHz 
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Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona- 
tor manufacturer for appropriate values of external com- 
ponents. 


FIGURE 12.2.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or 
LP TYPES ONLY) 


CLOCK FROM 
EXT. SYSTEM 


PIC16C5XA 





TABLE 12.2.2 - CAPAGITOR SELECTION 


FOR CRYSTAL OSCILLATOR 
Osc 
Type 





Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, the user should consult the 
crystal manufacturer for appropriate values of external 
components. 


FIGURE 12.3.1 - RC OSCILLATOR (RC TYPE 
ONLY) 


Internal 
clock 


PIC16C5XA 


OSC2/CLKOUT 
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FIGURE 13.1.1 - EXTERNAL POWER 


ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 


PIC16C5XA 


Notes: 
External power on reset circuit is required only if Voo 
power-up slope is too slow or if a low frequency crystal 


oscillator is being used that need a long start-up time. The 
diode D helps discharge the capacitor quickly when Voc 
powers down. 


R < 40 KQ must be observed to make sure that voltage drop 
across R does not exceed 0.2 V (max leakage current spec 
on MCLR pin is 5 pA). A larger voltage drop will degrade VIH 
level on MCLR pin. 


R1= 100Q to 1KQ will limit any current flowing into MCLR 
from external capacitor C in the event of MCLR pin 
breakdown due to ESD or EOS. 





FIGURE 13.1.2 - BROWN OUT PROTECTION 


CIRCUIT 


PIC16C5XA 


Notes: : 
1. This circuit will activate reset when VDD goes 
below (VZ + 0.7 V) where VZ = Zener voltage. 





FIGURE 13.1.3 - BROWN OUT PROTECTION 


~ CIRCUIT 


PIC16C5XA 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 

R1 


VDD « ———_—_ = 0.7 V. 
~R1+R2 ? 
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13.0 OSCILLATOR START-UP TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 


The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16C54A from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC16C54A incorporates an on chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature the 
user merely needs to tie MCLR pin to Vob. A simplified 
block diagram of the on-chip power on reset circuit is 
shown in Figure 13.1.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up the reset latch is set and the start-up timer 
(see Figure 13.1.4) is reset. The start-up timer begins 
counting once it detects MCLR to be high. After the time- 
out period, which is typically 18ms, it will reset the reset- 
latch and thus end the on-chip reset signal. 








Figures 13.1.5 and 13.1.6 are two power-up situations 
with relatively fast rise time on VoD. In Figure 13.1.5, 
Vop is allowed to rise and stabilize before bringing 
MCLR high. The chip will actually come out of reset 
tOST ms after MCLR goes high. In Figure 13.1.6, the on- 
chip Power-On Reset feature is being utilized (MCLR 
and VbD are tied together). The VbD is stable before the 
start-up timer times out and there is no problem in getting 
a proper reset. Figure 13.1.7 depicts a potentially 
problematic situation where VDD rises too slowly. In this 
situation, when the start-up timer times out, VoD has not 
reached the VDD (min) value and the chip is therefore not 
guaranteed to function correctly. 








To summarize, the on chip Power-On Reset is guaran- 
teed to work if the rate of rise of VDD is no slower than 
0.05 V/ms. It is also necessary that the VDD starts from 
OV. The on chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On reset. 
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FIGURE 13.1.4 - SIMPLIFIED POWER-ON RESET BLOCK DIAGRAM 


POWER-UP POR (POWER-ON RESET) 
DETECT 


> WDT TIME-OUT 


8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 


CHIP RESET 





FIGURE 13.1.5 - USING EXTERNAL RESET INPUT 


Vpp 
MCLR 


INTERNAL POR 


OST TIME-OUT 


INTERNAL RESET 





Note 1: The tost time-out is invoked every time the chip comes out of reset. 


FIGURE 13.1.6 - USING ON-CHIP POR (FAST Vpp RISE TIME) 


MCLR 


INTERNAL POR Seana |e ee ae ee 


<— 1tost _ 


eee t—~—~S 


OST TIME-OUT 


INTERNAL RESET 
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14.0 POWER DOWN MODE (SLEEP) 


The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the WatchdogTimer will be cleared but keeps 


running, the bit PD inthe STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
I/O ports maintain the status they had, before the SLEEP 
command was executed (driving high, low, or hi-imped- 
ance). 


For lowest current consumption in this mode, all I/O pins 

should be either at VDD, or Vss, with no external circuitry 

drawing current from the I/O pin. I/O pins that are in the 

High-Z mode should be pulled high or low externally to 

avoid switching currents caused by floating inputs. The 

RTCC input should also be at Vop or Vss_ for lowest 
Current consumption. 


The MCLR pin must be at VIHMC. 


14.1 Wake-Up 


The device can be awakened by a Watchdog Timer. 
timeout (if it is enabled) or an externally applied "low" 
pulse at the MCLR pin. In both cases the PIC16C54A will 
stay in RESET mode for one oscillator start-up timer 
period (triggered from rising edge on MCLR or WDT 
timeout) before normal program execution resumes. 


The PD bit in the STATUS register, which is set to one 
during power-on, but cleared by the "SLEEP" command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 
4.5.2.2). The TO bit in the STATUS register can be used 
to determine, if the "wake up" was caused by an external 
MCLR signal or a Watchdog Timer timeout. 





NOTE: Some applications may require external R/C 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC16C54A will be in RESET only for the Oscillator 
Start-up Timer period. 





FIGURE 13.1.7 - USING ON-CHIP POR (SLOW Vpp RISE TIME) 


MCLR 


INTERNAL POR 


OST TIME-OUT ee t”t”~—~<Cs—SCS 
INTERNAL RESET pee lll 


When V pp rises slowly, the internal time-out period expires long before Vopp has reached its final 


value. In this example, the chip will reset properly if, and only if, V1= VDDMIN. 
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15.0 CONFIGURATION FUSES 


The configuration EPROM consists of four EPROM 
fuses which are not part of the normal EPROM for 
program storage. 


Two are for the selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code 
protection fuse. 


FIGURE 15.1: CONFIGURATION WORD 


Address: N.A. 
: fee 


OT<1:0>: OSC selection fuses. 

11: RC oscillator 

10 : HS oscillator 

01 : XT oscillator 

00 : LP oscillator 

WDTE: WDT enable fuse. 

1 = WOT enabled 

0 = WOT disabled 

CP: Code protection fuse. 

1: Code protection off 

0: All memory is code 
protected 

Unimplemented. 

















15.1 Customer ID Code 


The PIC16C54A_ series has 16 special EPROM bits 
which are not part of the normal program memory. 
These bits are available to the user to store an Identifier 
(ID) code, checksum, or other informative data. They 
cannot be accessed during normal program execution. 


15.2 Code Protection 


The program code written into the EPROM can be 
protected by programming the code protection fuse with 
"0": 

When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 040h and above are protected 
against programming. 


It is still possible to program locations 000h - O3Fh, the 
ID locations and the configuration fuses. 


Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 


2.1 VERIFY! DE-PROTECTED PART 


When code protected verifying any program memory 

location will read a scrambled output which looks like 

"OOO00000XXXxX" (binary) where Xis 1 or 0. To verify a 

device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16C54A against this 
file. 
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16.0 ELECTRICAL CHARACTERISTICS 








16.1 Absolute Maximum Ratings* *Notice: Stresses above those listed under "Maximum Ratings" 
7 . may cause permanent damage to the device. This is a stress 

Ambient temperature under bias....... 55°C to +125°C rating only and functional operation of the device at those or any 

Storage Temperature ..............00 - 65°C to +150°C other conditions above those indicated in the operation listings 

Voltage on any pinwith respecttoVsS ts of this specification is not implied. Exposure to maximum rating 

(except VoD and MCLR) ............... -0.6V to VDD +0.6V conditions for extended periods may affect device reliability. 

Voltage on VoD with respect to VSss .............. 0to+7.5V 

Voltage on MCLR with respecttoVss | Notes: 1. Total power dissipation should not exceed 800 

(NOUS 2) cacsnceesschsicnccdiviaievisassceetasGincstteecncee OO $14 V mW for the package. Power dissipation is 

Total power Dissipation (Note 1) ...............sc00 800mW calculated as follows: 

Max. Current out Of VSS pin ...........seccsssscceeees 150mA Pdis = Vop x {Ipb - > loh} + > {(VoD-Voh) x loh} 

Max. Current into VDD pin ........ i dasadedasteactanesuassues 50mA + (Vol x lol) 

Max. Current into an input pin ...............cccccceee +500pA © 

Input clamp current, lik (Vi<O or Vi<VDD) ......... +20mA 


Output clamp current, lox (VO<O or VO<Vpb) .. +20mA 
Max. Output Current sinked by any I/O pin......... 25mA 
Max. Output Current sourced by any 1/O pin ..... 20mA 
Max. Output Current sourced by a single 


I/O port (PORT A, B, OF C) .............ccssesesceeeeeseeens 40mA 
Max. Output Current sinked by a single 


I/O port (PORT A, B, OF C) ...........cccssscescreeseeeenens 50mA 


TABLE 16.2 - PIN DESCRIPTIONS 


RAO - RA3 //O PORTA 4 input/output lines. 

RBO - RB7 /O PORTB 8 input/output lines. 

RTCC Real Time Clock/Counter Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or VoD if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 

MCLR Master Clear Schmitt Trigger Input. 
A "Low" voltage on this input generates a RESET condition 
for the PIC16C54A microcontroller. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to VoD. 


Oscillator (input) "XT", "HS" and "LP" devices: Input terminal for crystal, 
ceramic resonator, or external clock generator. 
"RC" devices : Driver terminal for external RC combination 
to establish oscillation. 


OSC2/CLKOUT Oscillator (output) For "XT", "HS" and “LP" devices: Output terminal for crystal 
: and ceramic resonator. Do not connect any other load to 

this output. Leave open if external clock generator is used. 
For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin. 

Power supply 

Ground 

No (internal) Connection 
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16.3 DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions 
Pe Paonia vi Ensnce Operating temperature -40°C < TA<+125'C for automotive, 


POWER SUPPLY PINS -40°C < TA < +85°C for industrial and 


0°C < TA< +70°C for co 
Characteristic Sym 








Supply Voltage 


\ 





RAM Data Retention 
Voltage (Note 3) 


Vobop start voltage to VPOR 
fuerte power on reset | 
Voo rise rate to guarantee SVDD 
power on reset naael 


w| | fF 


BEER 
a7 She 


See\section93.1 for details on power on 
mien nnn name 
. te a\ seh tion 13.1 for details on power on 


? XT and RC options 
Fose = 4 MHz, VoD = 5.5V 
LP option, Commercial 
Fosc = 32 KHz, VoD = 3.0V, WDT disabled 
LP option, Industrial 


Fosc = 32 KHz, VDD = 3.0V, WDT disabled 


pA VDD = 3.0V, Commercial 
VDD = 3.0V, Industrial 


Supply Current (Note 2) 













Power Down Current 
(Note 4) 


DD 
DR 
WDT enabled 2 






y 


mn labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance daly and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply ctfrent is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 

a) The test conditions for all lb> measurements in active operation mode are: 

OSC 1=external square wave, from rail to rail; all I/O pins tristated, pulled to VoD, RT = Vobp, MCLR = Vop; WDT 
enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Vpp can be lowered in SLEEP mode without losing RAM data. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

. measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir = VpbD/2Rext (mA) with Rext in kOhm. 


SS 


WDT disabled 


Vpp = 3.0V, Commercial 
yA VDD = 3.0V, Industrial 









* These parametefs ate ba 
Note 1: Data irNthe cq 
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16.4 DC CHARACTERISTICS: PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions 
michele te hide wd cegsrcalieta Operating temperature -40°C < TA< +125°C for automotive, 


POWER SUPPLY PINS 7 -40°C < Ta < +85°C for industrial and 


Vop start voltage to am 13.1 for details on power on 
niarieeorercaiiel kes eaenianicoaiatal 
power on reset 


Supply Current (Note 2) 

XT and RC options 

Fosc = 4 MHz, VoD = 5.5V 

HS option 

Fose = 10 MHz , Vod = 5.5V 

Fosc = 20 MHz, VpbD = 5.5V 

Power Down Current 

(Note 4) 

WDT enabled Z | VoD = 3.0V, Commercial 
VbD = 3.0V, Industrial 

WDT disabled : VpD = 3.0V, Commercial 
VDD = 3.0V, Industrial 





* These parameters are based on characterization and are not tested. 
Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. | 
Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus | 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all lbp measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT = Vop, MCLR = VbD; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. | 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with ail I/O pins in hi-impedence state and tied to VDD and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
- [r= Vpp/2Rext (mA) with Rext in kOhm. 
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16.5 DC CHARACTERISTICS: PIC16LC54A-04 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions 
Ne CHPRACTERS ICS: Operating temperature -40°C < Ta < +125°C for automotive, 
POWER SUPPLY PINS -40°C < Ta < +85°C for industrial and 


0°C < TA < +70°C for commercial 


Characteristic units | Conditions 


Supply Voltage 


RAM Data Retention VoR 
votage(nces) | 
Vop start voltage to VPOR 
[guarantee power on eset | 

_| Vopo rise rate to guarantee | SvpD 
[poworenteset | 


Supply Current (Note 2) 


XT, RC and 
HS option 


ine 4. 9 
ra — br details on power on 
oe 3.1 for details on power on 
Lrede 

RY 


i | 


and RC options 
Fosc = 4 MHz, Vob = 5.5V 
HS option 
Fosc = 4 MHz, Vop = 5.5V 
LP option, Commercial 
Fosc = 32 KHz, VoD = 2.5V, WDT disabled 
LP option, Industrial 
Fose = 32 KHz, VoD = 2.5V, WDT disabled 
Power Down Current 
(Note 4) 
WDT enabled Pp VoD = 2.5V, Commercial 
VDD = 2.5V, Industrial 
WDT disabled : VbD = 2.5V, Commercial 
VDD = 2.5V, Industrial 





Note 1: Data in slumn labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance oNy‘and is not tested for, or guaranteed by Microchip Technology. a 
Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all lb>D measurements in active operation mode are: 
OSC 1= external square wave, from rail to rail; all 1/O pins tristated, pulled to VoD, RT = VbbD, MCLR = Vop; WDT 
~ enabled/disabled as specified. : 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
_ measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vob/2Rext (mA) with Rext in kOhm. 
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16.6 DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 


PIC16LC54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 


DC CHARACTERISTICS, 


Standard Operating Conditions 


ALL PINS EXCEPT POWER SUPPLY Operating temperature -40°C < TA < +85°C for industrial and 


Characteristic 


Input Low Voltage 

1/0 ports 

MCLR (Schmitt trigger) 

RTCC (Schmitt trigger) 

OSC1 (Schmitt trigger) 

OSC1 

Input High Voitage 

I/O ports 0.2 VpoD+1V 
2.0 

MCLR (Schmitt trigger) 0.85 VoD 

RTCC (Schmitt trigger) 0.85 VDD 

OSC1 (Schmitt trigger) 0.85 Vpp 

OSC1 

input Leakage Current 

(Note 4) 

I/O ports 


MCLR 
MCLR 
RTCC 


0°C < TA < +70°C for commercial 


0.15 Vop 
0.15 VoD 
Option only (Note 5) 
XY, HS and LP options 


For all Vpop (Note 6) 
4.0 V < Vop < 5.5 V (Note 6) 


RC option only (Note 5) 
XT, HS and LP options 
For Vop < 5.5V 


Vss < VPIN < VDD, 

Pin at hi-impedance 

VPIN = Vss + 0.25V (Note 3) 
VPIN = VbD (Note 3) 

Vss < VPIN < VDD 


Vss < VPIN < VoD, 
XT, HS and LP options 
Output Low Voltage | 
I/O Ports f lo. = 8.7 mA, VDD = 4.5V 
loL = 1.6 mA, VDD = 4.5V 


Output High ‘ 

1/O Ports (Not Vpp-0.7 
OSC2/CLKOUT Vop-0.7 
(RC option only) 


IOH = -5.4 mA, VDD = 4.5V 
IOH = -1.0 mA, VDD = 4.5V 





Note 1: Datain the column labeled “Typical” is based on characterization results at 25 ° C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C54A be 
driven with external clock in RC mode. 

Note 6: The user may use better of the two specifications. 
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16.7 AC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 









AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40°C < Ta < +85°C for industrial and 


0°C < TA < +70°C for commercial 
Characteristic | 
DC 


External CLOCKIN 
Frequency (Note 2) DC 
DC 


DC 


FOSC DC 
0.1 
4 
DC 
0 
























Oscillator Frequency 
(Note 2) 
















S mode (Com/Ind) (Note 5) 





RC mode 
XT mode 
HS mode (Note 5) 
LP mode 


Instruction Cycle Time 
(Note 2) 











External Clock in Timing 

(Note 4) 

Clock in (OSC1) High or Low Time 

XT oscillator type 

LP oscillator type 

HS oscillator type 

Clock in (OSC1) Rise or Fall Time 

XT oscillator type KRFXT 

LP oscillator type , RELP 
HS oscillator type Pee 

et Puss wan ow _< Ga” 
MCLR Pulse Width (low) __ ¢ Akace 

Not 


RTCC Input Timing, Ng K |Z 
if TRTH 0.5 Tcy+ 20* 
TRTL 0.5 Tcy+ 20* 


TRTH 10* 
TRTL 10* 
TRTP TcY +40" 
















TCKHLXT 
TCKHLLP 























RTCC High Pulse 








RTCC Period Note 3. Where N = prescale 


value (2,4, ..., 256) 


Vop = 5.0V 





Watchdog Timer Timeout Period 
(No Prescaler) 








| 30* | 
1/0 Timing 
1/0 Pin Input Valid Before 
CLKOUTT (RC Mode) Tos 0.25 Tcy+ 30* ns 
1/0 Pin Input Hold After 
CLKOUTT (RC Mode) TDH 0* ns 
I/O Pin Output Valid After 
CLKOUTJ (RC Mode) TPD 40* | ns 
* Guaranteed by characterization, but not tested. (Cont. on next page) 
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16.7 AC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 
(Cont.) -- PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
| PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 






















AC CHARACTERISTICS Standard Operating Conditions | 
Operating temperature -40°C < Ta <+85°C for industrial and 
| | 0°C < TAs +70°C for commercial 


Characteristic | Typ Units 
Bota 2 








Conditions 














1/0 Timing (cont.) 

1/0 pin input valid before OSCT 

(1/0 setup time) TioV2osH 
OSC1T to 1/0 pin input invalid TosH2ioL 
(1/0 hold time) 









TosH2ioV 
TioR 
TioF 


OSC1T to 1/0 pin output valid 

1/0 pin output rise time 

1/0 pin output fall time 

Capacitive Loading Specs on Output Pins 
OSC2 pin Cosc2 











In XT, HS or LP modes when 
external clock is used to drive 
OSC1 


Note 1. 








Note 2. 

Note 3. 

Note 4. 

Note 5. This HS spesifization is only for the -20 device. The -10 device has a maximum of 10 MHz and the -04 device 
has a maximum of 4 MHz. 
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16.8 Electrical Structure of Pins FIGURE 16.8.2 - ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 


FIGURE 16.8.1 - ELECTRICAL STRUCTURE 
OF I/O PINS (RA, RB) 


Schmitt trigger 


Input buffer 





Notes to Figures 16.7.1 and 16.7.2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri- 
cal overstress). Rin is a small resistance to further protect the 
input buffer from ESD. 





17.0 TIMING DIAGRAMS 
FIGURE 17.0.1 - RTCC TIMING 


CLKOUT 


1 
t t { 
DEVICE —————_ RESET ————~_ FETCH 1. INSTRUCTION 1 FETCH2. INSTRUCTION | 
FUNCTION | EXECUTE "FORCED" NOP | EXECUTE 1. INSTRUCTION | 
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FIGURE 17.0.3 - INPUT/OUTPUT TIMING FOR I/O PORTS 


VO Pin 
(input) 


| TosH2ioV : = eoantlomrwr 


aaa < 
TioR, TioF 


Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only in RC oscillator mode 
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18.0 DC & AC CHARACTERISTICS GRAPHS/TABLES 


NOT AVAILABLE AT THIS TIME 
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19.0 PACKAGING INFORMATION 
| See Section 11 of the Data Book. 


19.1 Package Marking Information 


18L PDIP Example 


PIC16C54A- 
20I/P 





AS\9315 CAA 





18LSOIC Example 
MMMMMMMMM PIC16C54A- 
MMMMMMMMM 041/S0218 





CO OABB CDE 9250 CAA 


18L Cerdip Example 





Example 






PIC16C54A 
10/SS 


oM321 CAA 





Microchip part number information 

Customer specific information* 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 

Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are incuded in QTP price. 
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20.0 DEVELOPMENT SUPPORT 


20.1 Development Tools 


The PIC16C5X and PiIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


e PICMASTER™ Real-Time In-Circuit Emulator 
e PRO MATE™ Universal Programmer 

e PICSTART™ Low-Cost Prototype Programmer 
e Assembler 

e Software Simulator 


20.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT® class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows® 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 


¢ Emulator Control Pod 
e Target-Specific Emulator Probe 
¢ PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DDE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DDE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., asystem containing a PIC16CXX processor anda 
PIC17CXX processor). 


20.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vop and VpP sup- 
plies which allows it to verify programmed memory at 
VbD min and Vob max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 


FIGURE 20.2 - PICMASTER SYSTEM CONFIGURATION 


5V In-Line 
Power Supply | 90-250 VAC 
(Optional) 


Power Switch 
Power Connector 





Interchangeable 
Emulator Probe 


‘ Dn 
PC—interface a | 








S 
PC Compatible Computer Probes y, BORA \ 
(AT/ISA Bus) (for Industry Standard Architecture) i \ YO 
© 1994 Microchip Technology Inc. [> rel i An) f iN 2) FW DS30207B-page 37 


2-131 





PIC16C54A 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Vop min, VoD max and Ver levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each partis programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular "programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


20.4 PICSTART™ Programmer 


The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 


20.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. | 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembier source code to 
object code for all Microchip microcontrollers. 


e Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


¢ Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


¢ Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


e Control Directives permit sections of conditionally 
assembled code. 


¢ Macro Directives control the execution and data — 
allocation within macro body definitions. 


20.6 Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in atrace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi- ole software devel- 
opment tool. 


20.7 Development Systems: 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 20-1: 


ante 20-1: DEVELOPMENT SYSTEM 
PACKAGES 


nl ies System Description 


PICMASTER™ | PICMASTER In-Circuit Emulator 
with your choice of Target Probe, 
PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


PICSTART™ Low-Cost Prototype 
Programmer, Assembler, Software 
Simulator and Samples 





















PICSTART™ 
System 


20.8 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER Devices Maximum Operating 
ees Flic d access Lali: tho SA hla a Voltage 
PROBE - 16A | 16A  PICIeC4, 4 MHZ 4.5V - Y aMHZ | 45V-5.V | 
PIC16C55, 
PIC16C56, 
and PIC16C57 





PROBE - 16D |] PIC16C54, 4.5V - 5.5V 
. P!IC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
Compuserve communications network. In most cases a 
local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 


NETWORK<ENTER> and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

; Trademarks: 
PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 


PICMASTER, PRO MATE and PICSTART are trademarks of 
Microchip Technology Incorporated. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe Inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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NOTES: 
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PIC16C54A PRODUCT IDENTIFICATION SYSTEM 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. -XX X /XX XXX | 
yy Pattern: 3-Digit Pattern Code for QTP (blank for OTP and Windowed Parts) 


Package: P PDIP 
SO = SOIC (Gull Wing, 300 mil body) 
SS = SSOP (209 mil) 


Temperature - 0°C. to +70°C (T for tape/reel) Examples: 
Range: I -40°C to +85°C (S for tape/reel) a) PICI6CS4A - 04/P301 = 
E -40°C to +125°C Commercial temp., PDIP package, 
4 MHz, standard VDD limits, 
QTP pattern # 301 
iia Mes caneeded b) PIC1GLC54A- 041 /SO = 
Range: 10 2 Industrial temp., SOIC package, 
20 = 20MHz 4 MHz, extended VDD limits 
c) PIC16C54A - 201 P 
Device: PIC16C54A _ : Standard Vop range Industrial temp., PDIP package, 
PIC16LC54A_: Extended Vop range 20 MHz, standard VDD limits 





Sales and Support 








Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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EPROM-Based 8-Bit CMOS Microcontroller 








FEATURES FIGURE A - PIN CONFIGURATIONS 
Compatibility 
e Pin and software compatible with PIC16C54, PDIP. SOIC 
PIC16CR54, PIC16C54A and PIC16C56 devices 
a RA1 <> 
High-Performance RISC-like CPU RAO <> 


OSC 1/CLKIN=#— 
OSC2/CLKOUT —> 
Vpp ~<#— 


e Only 33 single word instructions to learn 

¢ All single cycle instructions (200 ns) except for pro- 

gram branches which are two-cycle Ray <P 

Operating speed: DC - 20 MHz clock input RAG <> 
DC - 200ns instruction cycle RB5 <> 

12-bit wide instructions RB4 <-> 

8-bit wide data path 

2K x 12 on-chip EPROM program memory 

72 x 8 general purpose registers (SRAM) 

Eight special function hardware registers 

Two-level deep hardware stack 

Direct, indirect and relative addressing modes for data 

and instructions 


V8SD9L3Did 


e 
—_ 


RAi <> 

RAO <-> 
OSC1/CLKIN~@— 
OSC2/CLKOUT —+> 
Vpp ~#- 

Vpp <— 

RB7 <> 

RB6 <—_—p- 

RB5 <i. 

RB4 <> 


Peripheral Features 

e 12 1/O pins with individual direction control 

¢ 8-bit real time clock/counter (RTCC) with 8-bit pro- 
grammable prescaler 

Power-on Reset 

Oscillator Start-up Timer 

Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

Security EPROM fuse for code-protection 

Power saving SLEEP mode 

EPROM fuse selectable oscillator options: 

- Low-cost RC oscillator: RC 

- Standard crystal/resonator: XT 

- High-speed crystal/resonator: HS 

- Power saving, low frequency crystal: LP 


OL MANOUSAwWHN 
V8S99LOId 





CMOS Technology 
e Low-power, high-speed CMOS EPROM technology 
e Fully static design 
e Wide-operating voltage range for Commercial and 
Industrial (2.5V to 6.25V) 
e Low-power consumption 
- <2mA typical @ 5V, 4 MHz 
- 15yA typical @ 3V, 32 KHz 
- <3yA typical standby current (with WDT disabled) 
— @ 3V, 0°C to 70°C 
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1.0 GENERAL DESCRIPTION 


The PIC16C58A from Microchip Technology is a new 
member of the family of low-cost, high-performance, 
fully static, EPROM-based 8-bit CMOS microcontrollers. 
This device is pin and software compatible with the 
PIC16C54, PIC16CR54, PIC16C54A and PIC16C56 
devices. It employs a RISC-like architecture with only 33 
single word/single cycle instructions to learn. All instruc- 
tions are single cycle (200ns) except for program 
branches which take two cycles. The PIC16C58A deliv- 
ers performance an order of magnitude higher than its 
competitors in similar price category. The 12-bit wide 
instructions are highly symmetrical resulting in 2:1 code 
compression over other 8-bit microcontrollers in its 
class. The easy to use and easy to remember instruction 
set reduces development time significantly. 


The PIC16C58A is equipped with special microcontroller- 
like features that reduce system cost and power require- 
ments. The power on reset and oscillator start up timer 
eliminate the need for external reset circuitry. There are 
four user selectable oscillator configurations to choose 
from, including power saving LP (Low Power) oscillator 
and cost saving RC oscillator. Power saving SLEEP 
mode, watchdog timer and code protection features 
improve system cost, power and reliablity. 


The PIC16C58A is supported by an assembler, a soft- 
ware simulator, an in-circuit emulator and a production 
quality programmer. All the tools are supported by IBM® 
PC and compatible machines. 


TABLE 1.1 - OVERVIEW OF PIC16C5X AND PIC16C5XA DEVICES 


Memory | User RAM 
Program 
(12-bit Words) 


PIC16C54 512 (OTP) 
PIC16C54At 
PIC16CR54 | 512 (ROM 


PIC16C56 1024 (OTP) 


Pici6c57 _| 2048 (OTP 1 
| PIC16CRS7At | 2048 (OTP) 


PIC16C55 512 (OTP) | 28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 
28-lead SOIC (300 mil), 28-lead SSOP 
ae 5.4 


tThese devices have a lower voltage operation. 





Package Options 


12 18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
18-lead SOIC (300 mil), 20-lead SSOP 


2 18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
18-lead SOIC (300 mil), 20-lead SSOP 
28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil) 


’ 
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1.1 Applications 


The PIC16C58A device fits perfectly in applications 
ranging from high speed automotive and appliance 
motor contro! to battery powered remote transmitters/ 
receivers, low-power pointing devices and telecom pro- 
cessors. The small footprint packages for through-hole 
or surface mounting make this microcontroller perfect 


for all applications with space limitations. Low-cost, low- 
power, high-performance, ease of use and I/O flexibility 
make the PIC16C58A very versatile even in areas 
where no microcontroller use has been considered 
before (e.g. timer functions, replacement of "glue" logic 
in larger systems, co-processor applications). 


TABLE 1.0.2 - CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


Vpp: 3.0V to 6.25V 

Idd: 3.3mA Max. at 5.5V 

Ipd: 9UA Max. at 3V WDT dis 
Freq.: 4MHz Max. 

Vop: 3.0V to 6.25V 

Idd: 3.3mA Max. at 5.5V 

Ipd: 9UA Max. at 3V WDT dis 


Freq.: 4MHz Max. 


Vpp: 4.5V to 5.5V_ 


Idd: 20mA Max. at 5.5Vtyp at 5.5V |} Do not use in HS mode 
Ipd: 0.6uA typ. at 4.5V WDT dis 
Freq.: 20 MHz Max. 


Do not use in LP mode 





Vob: 2.5 to 6.25V 

Idd: 32uA Max. at 32KHz, 3.0V 
Ipd: 9uUA Max. at 3.0V WDT dis 
Freq.: 200KHz Max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. 
It is recommended that the user selects the device type that guarantees the specifications required. 
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2.0 ARCHITECTURAL DESCRIPTION TABLE 2.1 - PIN FUNCTIONS 

2.1 Harvard Architecture 

The PIC16C58A single-chip microcomputer is a low- RAO - RA3 /O PORTA 

power, high-speed, fully static CMOS device containing RBO - RB7 /O PORTB 

EPROM, RAM, I/O and a Central Processing Unit ona RTCC Real Time Clock/Counter 
single chip. MCLR Master Clear 

The architecture is based on a register file concept with OSC1/CLKIN Oscillator (input) 
separate bus and memories for data and instructions OSC2/CLKOUT | Oscillator (output) 
(Harvard architecture). The data bus and memory (RAM) VDD Power supply 

are 8-bits wide while the program bus and program Vss Ground 





memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. This means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC16C58A is given in Figure 2.1. 


FIGURE 2.1 - PIC16C58A BLOCK DIAGRAM 


11 ae 
RTCC OSC1 OSC2 MCLR 
EPROM STACK 1 PIN CONFIGURATION EPROM 
eee te STACK 2 "DISABLE" "OSC 


SELECT’ 
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OSCILLATOR/ 
INSTRUCTION TIMING & 
REGISTER CONTROL 
CLKOUT 


WDT/RTCC 
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8 OUT 


"SLEEP" 
INSTRUCTION 6 
DECODER 
OPTION REG. "OPTION" 


DIRECT ADDRESS DIRECT RAM SRAM 
ADDRESS FROM W (72 x 8) 


GENERAL 
PURPOSE 
REGISTER 


FILE 
STATUS 
ae oe 


8 
DATA BUS 
FROM W 


ALU 
FROM W 
{ 4 4 { 8 
4 8 


LITERALS 
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2.2 Clocking Scheme/Iinstruction Cycle 


The clock input (from pin OSC1/CLKIN) is internally 
divided by four to generate four non-overlapping quadra- 
ture clocks namely Q1, Q2, Q3 and Q4. Internally, the 
PC is incremented every Q1, an instruction is fetched 
from program memory and latched into instruction reg- 
ister in Q4. It is decoded and executed during the 
following Q1 through Q4. The clocks and instruction 
execution flow are shown in Figure 2.2. 


2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 80 ad- 
dressable 8-bit registers including the I/O Ports and an 
8-bit wide Arithmetic Logic Unit. The first 32 bytes of the 
register file is directly addressable. A "banking" scheme, 
with banks of 16 bytes each, is employed to address 80 
byte data memory (Figure 4.2). Data can be addressed 
directly or indirectly using the file select register. Imme- 
diate data addressing is supported by special "literal" 
instructions which load data from program memory into 
the W register. 


The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the I/O port configuration, and the prescaler options. 


FIGURE 2.2 - CLOCKS/INSTRUCTION CYCLE 





2.4 Arithmetic/Logic Unit (ALU) 


The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool- 
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. : 


2.5 Program Memory 


2048 words of 12-bit wide on-chip program memory 
(EPROM) are available. The memory can be directly 
addressed in pages of 512 words. 


Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control operations 
supporting direct, indirect and relative addressing modes 
can be performed by Bit Test and Skip instructions, Call 
instructions and Jump instructions or by loading com- 
puted addresses into the PC. In addition, an on-chip two- 
level stack is employed to provide easy to use subrou- 
tine nesting. 
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3.0 PIC16C58A SERIES OVERVIEW 


A wide variety of oscillator types, frequency ranges and 
packaging options are available. Depending on applica- 
tion and production requirements, the proper device 
option can be selected using the information and tables 
in this section. When placing orders, please use the 
"PIC16C58A Product Identification System" on the back 
page of this data sheet to specify the correct part 
number. 


3.1 UV Erasable Devices 


These devices are optimal for prototype development 
and pilot series. The desired oscillator configuration is 
EPROM programmable as "RC", "XT", “HS" or “LP". An 
erased device is configured as "RC" type by default. 
Depending on the selected oscillator type and frequency, 
the operating supply voltage must be within the same 
range as a OTP/QTP part would be specified for. 


The available PIC16C5X development tools 
(PICSTART™ and PRO MATE™) can program all 
PIC16C5X devices for prototyping. PRO MATE is 
recommended for production programming. 


PIC16C58A 


3.2 One-Time-Programmable (OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


The program EPROM is erased allowing the user to 
write the application code into it. In addition, the watch- 
dog timer can be disabled and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The sixteen special EPROM bits for an identifica- 
tion (ID) code storage are also user programmable. 


3.3 Quick-Turnaround-Produ TP 


Devices 


Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium-to-high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. 
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4.0 OPERATIONAL REGISTER FILES 
4.1 Indirect Data Addressing (INDF) 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. The INDF register is 
useful as an indirect address pointer. For example, in the 
instruction ADDWF INDF, Wwill add the contents of the 
register pointed to by the FSR to the content of the W 
Register and place the result in W. 


If INDF itself is read through indirect addressing (i.e. 
FSR = Oh), then OOh is read. If the INDF register is 
written to via indirect addressing, the result will be a no 
operation (NOP). 


4.2 Real Time Clock/Counter Register 
(RTCC) 


This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin or by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 4.1 is a simplified block 
diagram of the RTCC module. 


An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. The OPTION register is a 
special register (not mapped in data memory) address- 
able using the 'OPTION' instruction. See section 7.5 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to the RTCC register (e.g.CLRF RTCC, 
OrBSF RTCC,5, ...etc.) clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines if the RTCC register is incremented 
internally or externally. 


RTS=1: The clock source for the RTCC or the pres- 
caler, ifassigned to it, is the signalonthe RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines if an increment occurs on the falling 
(RTE=1) or rising (RTE=0) edge of the signal 
presented to the RTCC pin. 


RTS=0: The RTCC register or its prescaler, respec- 
tively, will be incremented with the internal 
instruction clock (= Fosc/4). The "RTE" bit in 
the OPTION register and the RTCC pin are 
“don't care" in this case. However, the RTCC 
pin must not be left floating (tie to VoD or Vss). 
This prevents unintended operation and to 
reduce the current consumption in low-power 
applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), the RTCC 
register keeps incrementing and just rolls over when the 
value "FFh" is reached. All increment pulses for the 
RTCC register are delayed by two instruction cycles. 
After writing to the RTCC register, for example, no 


increment takes place for the following two instruction | 
cycles. This is independent if internal or external clock 


- source is selected. If a prescaler is assigned to the 


RTCC, the output of the prescaler will be delayed by two 
cycles before the RTCC register is incremented. This is 
true for instructions that either write to or read-modify- 
write RTCC (e.g. MOVF RTCC, CLRF RTCC). For 
applications where RTCC needs to be tested for zero 
without affecting its count, use of the MOVF RTCC, W 
instruction is recommended. Timing diagrams in Figure 4.3 
show RTCC read, write and increment timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When external clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1, the synchronization is done after 
the prescaler. The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for PSOUT to be high 
for at least 2 tosc and low for at least 2 tosc where: 


tosc = oscillator time period. 


When no prescaler is used, PSOUT (Prescaler output, 
see Figure 4.1) is the same as RTCC clock input and, 
therefore, the requirements are: 


RTCC high time 2 2 tosc + 20 ns © 
TRTL RTCC low time 2 2 tosc + 20 ns 


When prescaleris used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler so the 
prescaler output is symmetrical. 


Then: PSOUT high time = PSOUT low time = suas ae 
where TRT = RTCC input period and N = prescale value 
(2, 4, ...., 256). The requirement is, therefore, N° TRT 
> 2 tosc + 20ns, or TraT24tosc+40ns | 


The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
orlow time on RTCC is too small, then the pulse may not 
be detected. Hence, a minimum high or low time of 10 
ns is required. In summary, the RTCC input require- 
ments are: 


TRTH 


TAT =  RTCC period > (4 tosc + 40 ns)/N- 
TRTH = RTCC high time 2 10 ns 
TRTL = RTCC low time 2 10 ns 


Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
This delay is between 3 tosc and 7 tosc (see Figure 4.4). 
Thus, for example, measuring the interval between two 
edges (e.g. period) will be accurate within +4 tosc (+200 
ns @ 20 MHz). 
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FIGURE 4.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 


DATA BUS 


fosc/4 
Atco 108% 8 


PIN 

SYNC WITH 
bX = INTERNAL RTCC (8) 
RTE 


PROGRAMMABLE reste 
PRESCALER (2 CYCLE DELAY) 
PS2, PS1, PSO PSA 


Notes: 1. Bits, RTE, RTS, PS2,PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.1). 





FIGURE 4.2 - PIC16C58A DATA MEMORY MAP 


FILE 


00 INDF (* 
01 RTCC CALL 109876543210 109876543210 


RETLW 
03 STATUS 


04 


76543210 
05 PORTA 


06 | porta —_ 

PORT B 
07 TRISB 543210 
08 OPTION 
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OB REGISTER REGISTER FILE 


56 FILE VIA ALU 


OD 
OE 
FROM PROGRAM MEMORY 


OF 
BIT 6, 5 OF FSR: BANK SELECT 


GENERAL PURPOSE 
REGISTER FILE 


(*) NOTA PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION 4.0 FOR DETAILS 
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FIGURE 4.3A - RTCC TIMING: INT CLOCK/NO PRESCALE 


FC Teena ht astra a tastier ep geil heehee ori eee a 
(PROGRAM | 


4 
COUNTER) = a or Oe OOF OY = Ee PC +6 ' 


INST = MOVWF ATCC : et RTCC,W 1. MOVFRITCC, ua t MOVF RTCC,W + MOVFRTCC,W . MOVF RTCC, W 
t 


1 i] 
i] 1 
1 ' 
' t 
1 ‘ 
1 


t 
t 
{ 
Read RTCC ' 
reads NRT+1— | 


Read RTCC 
' reads NAT +2 


Read RTCC 
reads NRT + 3 


$ ' i i 

f) ‘ i ‘ 

‘ ‘ ‘ ' 

Read RTCC ! ' ‘ ' 
i 

reads NAT : : : ; 





FIGURE 4.3B - RTCC TIMING: INT CLOCK/PRESCALE 1:2 
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EXT CLOCK/PRESCALER 
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INCREMENT RTCC (Q4) 


RTCC 


Notes: 


1. Delay from clock input change to RTCC increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 
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4.3 Program Counter 


The program counter generates the addresses for on- 
chip EPROM containing the program instruction words 
(Figure 4.5). 

The program counter is set to all "1"s upon a RESET 
condition. During program execution, it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 

a) GOTO instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0>). The 
upper two bits of PC (PC<10:9>) are loaded with 
page select bits PA1, PAO (bits 6,5 status register). 
Thus GOTO permits jumping to any location on any 
page. 

CALL instructions load the lower 8-bits of the PC 
directly while the 9-bits is cleared to “0”. The PC value, 
incremented by one, will be pushed into the stack. 
The upper two bits of PC (PC<10:9>) are loaded with 
Page Select bits PA1, PAO (STATUS <6:5>). 
RETLW instructions load the program counter with 
the top of stack contents. 

If the PC is the destination in any instruction (e.g. 
MOVWF PC, ADDWF PC, Or BSF PC,5), then the 
computed 8-bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will be 
cleared. PC<10:9> will be loaded with Page Select 
bits PA1, PAO (STATUS <6:5>). 


b) 


Cc) 


d) 


It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls or 
computed jumps are limited to the first 256 locations of 
any program memory page (512 words long). 


incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in 
the STATUS register will not be changed and the next 
GOTO, CALL, ADDWF PC, MOVWF PC instruction willreturn 
to the previous page unless the page pre-select bits 
have been updated under program control. For ex- 
ample, a NOP at location “1FF” (page 0) increments the 
PC to “200” (page 1). A“GOTO xxx” at“200’ will return the 
program to address “xxx” on page “0” (assuming that the 
page preselect bits in The STATUS register are “O”). 


Upon a RESET condition, page 0 is pre-selected while 
_ the program counter addresses the last location in the 
last page. Thus, a GOTO instruction at this location will 
automatically cause the program to continue in page 0. 


4.4 Stack 


The PIC16C58A employs a two-level hardware push/ 
pop stack (Figure 4.5). 


The CALL instruction pushes the current program 
counter value, incremented by “1”, into stack level 1. 
Stack level 1 is automatically pushed to level 2. If more 
than 2 subsequent “CALL’s are executed, only the most 
recent two return addresses are stored. 


The page preselect bits of the STATUS register will be 
loaded into the most significant bits of the program 
counter. The ninth bit is always cleared to “O” upon a 
CALL instruction. This means that subroutine entry ad- 
dresses have to be located always within the lower haif 
of a memory page (addresses 000-0FF, 200-2FF, 400-4FF, 
600-6FF). However, as the stack has the same width as 
the PC, subroutines can be called from anywhere in the 
program. 


The RETLw instruction loads the contents of the stack 
level 1 into the program counter while stack level 2 gets 
copied into level 1. If more than 2 subsequent “RETLW’s 
are executed, the stack will be filled with the address 
previously stored in level 2. The return will be always to 
the page from where the subroutine was called, regard- 
less of the current setting of the page pre-select bits in 
the STATUS register. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen- 
tation of “data” tables within the program memory. 


4.5 Status Word Register 


This register contains the arithmetic status of the ALU, 
the RESET status and page preselect bits for program 
memory. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 
set after the write. Furthermore, TO and PD bits are not 
writable. Therefore, the result of an instruction with 
status register as destination may be different than 
intended. For example, CLRF STATUS willclear all bits 
except for TO and PD and then set the Z bit and leave 
status register as O0OUU100 (where U = unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 


For other instructions, affecting any status bits, see 
section “Instruction Set Summary" (Table 10.1). 
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4.5.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 


The carry bit (C) is a carry out in addition operation 
(ADDWF) and a borrow out in subtract operation (SUBWF). 


It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit operation: 


;SUBWF Example #1 


clrf Oxl1f ;£(1£h) =0 


FIGURE 4.5 - PROGRAM MEMORY 
ORGANIZATION 


GOTO, CALL, INST WITH PC AS 
DESTINATION - FROM STATUS<6> 


GOTO, CALL, INST WITH PC AS 
DESTINATION - FROM STATUS<5> 


GOTO - DIRECT FROM 
INSTRUCTION WORD 


CALL, INST WITH PC AS 

movlw 1 ;wreg=1 DESTINATION - ALWAYS “O 

. = = GOTO, CALL - DIRECT FROM 
subwf Oxlf ; f (1£h) =£(1fh)- wreg NETHUCTION WORD 

7 0-dGFER INST WITH PC AS 

;Carry=0: Result is 

: aia DESTINATION - FROM ALU 

negative 


; SUBWF Example #2 
moviw OxFF : 
movwf Ox1F ;£(0x1F) =FFh 


clrw ;wreg=0 
subwf 0OxiF ;£(Ox1F) =f (Ox1F) - wreg 
; =FFh-O=FFh 
;Carry=1:Result is 
positive 


The digit carry operates in the same way as the carry bit, 
i.e. it is a borrow in a subtract operation. 





RETLW, | 
CALL STACK LEVEL 1 
11 BIT STACK LEVEL 2 
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FIGURE 4.6 - STATUS WORD REGISTER 


RESET CONDITION: 
_PA2,PA1, PAO cleared to ‘0’. 
PA1 | PAO Cc TO, PD are set or reset as shown in Table 4.1 
Paz | at | pao | O | wo | z | oo jc | Shy etal ied oneal 
bit 0 unchanged in any other reset. 


CARRY/BORROW BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 





DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the fourth low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This bit 
is reset to "0" by a SLEEP instruction. 


TIME-OUT BIT: 
Set to “1" during power-up and by the CLRWDT and SLEEP 
command. This bit is reset to “O" by a Watchdog Timer time out. 


PAGE PRESELECTS BITS: 
00 Page 0 (000 - 1FF) 
01 Page 1 (200 - 3FF) 
10 Page 2 (400 - 5FF) 
11 Page 3 (600 - 7FF) 


BIT 7: General purpose read/write bit 
(reserved for future use) 
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4.5.2 TIME OUT AND POWER DOWN STATUS 
BITS (TO, PD) 

The TO and PD bits in the status register can be tested 

to determine if a RESET condition has been caused by 

a Watchdog Timer time-out, a power-up condition, ora 

wake-up from SLEEP by the Watchdog Timer or MCLR 

pin. | , | 


These status bits are only affected by events listed in 
Table 4.1. | | | 





TABLE 4.1 - EVENTS AFFECTING PD/TO 
STATUS BITS 


Remarks 


Power-up 

WDT Timeout 
SLEEP instruction 
CLRWDT instruction 


Note: AWDT time-out will occur regardless of the status of the TO 
bit. A SLEEP instruction will be executed, regardless of the 
status of the PD bit. Table 4.2 reflects the status of PD and 
TO after the corresponding event. 


No effect on PD 


TABLE 4.2 - PD/TO STATUS AFTER RESET 


RESET was caused by _ 


WDT wake-up from SLEEP 
WDT time-out (not during SLEEP) 


MCLR wake-up from SLEEP 
Power-up 
Low pulse on MCLR input 


Note: The PD and TO bit maintain their status (U) until an event 
of Table 4.1 occurs. A low pulse on the MCLR input does 
not change the PD and TO status bits. 








4.5.3 PROGRAM PAGE PRESELECT 


Bits 5-6 of the STATUS register are defined as page 
address bits PA<1:0> and are used to preselect a 
program memory page. WhenexecutingaGOTO, CALL, 
oran instruction with PC as destination (e.g. MOVWF PC), 
PA<1:0> are loaded into bit A<10:9> of the program 
counter, selecting one of the available program memory 
pages. The direct address specified in the instruction is 
only valid within this particular memory page. 


RETLW instructions do not change the page preselect 
bits. 


Upon a RESET condition, PA<2:0> are cleared to “O’s. 
4.6 File Select Register (FSR) — 


Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for the INDF 
register in any of the file oriented instructions). 


Bit 7 of the FSR is read-only and is always read as a 
"one". 

If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


Bits 5 and 6 of the FSR select the current data memory 
bank (Figure 4.2). 


The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSR (in case 
of indirect addressing) is “O”, or bit 4 of the direct file 
register address of the currently executing instruction is 
“0” (e.g. MOVWF DATAMEM). 


Only if bit 4 in the above mentioned cases is “1”, bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 


Bit 7 is read-only and is always read as “one.” 
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5.0 I/O REGISTERS (PORTS) 


The I/O registers can be written and read under program 
control like any other register of the register file. How- 
ever, "read" instructions (e.g. MOVF PORTB, W) always 
read the I/O pins, regardless if a pin is defined as "input" 
or “output.” Upon a RESET condition, all I/O ports are 
defined as "input" (= high impedance mode) as the I/O 
control registers (TRISA, TRISB) are all set to "ones." 


The execution ofa"TRIS f£" instruction with correspond- 
ing "zeros" in the W-register is necessary to define any 
of the I/O pins as output. 


5.1 PORTA 


PORTA is a 4-bit I/O register. Only the low order 4 bits 
are used (RAO - RA3). Bits 4 - 7 are unimplemented and 
read as "zeros." 


5.2 PORTB 
PORTB is an 8-bit I/O register. 


FIGURE 5.1 - EQUIVALENT CIRCUIT FOR A 
SINGLE V/O PIN 


FROM 
DATA BUS 


"WRITE" 


TO DATA 
BUS 


"READ" 


FROM 
W-REGISTER /O 
CONTROL 
LATCH 


"TRIS f* —e/CK sey Q 


"RESET" 





5.3 VQ interfacing 


The equivalent circuit for an 1/O port bit is shown in 
Figure 5.1. All ports may be used for both input and 
output operations. For input operations, these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs are 
latched and remain unchanged until the output latch is 
rewritten. To use a port pin as output, the corresponding 
direction control bit (in TRISA, TRISB, TRISC) must be 
set to zero. For use as an input, the corresponding TRIS 
bit must be “one”. Any I/O pin can be programmed 
individually as input or output. 


5.4 /O Programming Considerations 
5.4.1_ BIDIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF _ instructions, for 
example, read the entire port into the CPU, execute the 
bit operation and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an inputat this time, the input signal present on the pin 
itself would be read into the CPU and re-written to the » 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a “O" or "1" should not be driven 
from external devices at the same time in order to 
change the level on this pin ("wired-or", “wired-and"). 
The resulting high output currents may damage the chip. 








© 1994 Microchip Technology Inc. DS30225B-page 15 


Preliminary 
2-151 


PIC16C58A 





5.4.2 SUCCESSIVE OPERATIONS:.ON I/O PORTS | 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5.2). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The. sequence of instructions should allow the 
pin voltage to stabilize (load dependent) before the next 
instruction which causes that file to be read into the CPU 
is executed. Otherwise, the previous state of that pin 
may be read into the CPU rather than the new state. 
When in doubt, it is better to separate these instructions 
with a NOP or an other instruction not accessing this 
1/O port. pS 


FIGURE 5.2 - /O PORT READ/WRITE TIMING 


‘atl cel asl as! at! cel asl a4! at} ce! asi a4! atl al cal a4! 
eee: NS EN oF a GRRE eT TS 


PC 
‘Instruction 


1 MOVWF PORTB | MOVF PORTB,W! 
fetched 


| 
' Write to ' Read PORTB $$! : 
| PoRTR | a 


RB (7:0) 


i] 

t 

I i] 
can 
Execute 


MOVWF PORTB | MOVF PORTB, W 


NOP 


sampled here, 


1 

t 

I 

t 

i] 1 ’ 
= ! instruction cycle. Therefore, 
' | | Port pin ' | at higher clock frequencies, 

! ' 

| 

1 


Execute 





6.0 GENERAL PURPOSE REGISTERS 


f08h -fOFh: general purpose register files which are 
always selected, independent of bank 
select 
f10h-f1Fh: general purpose register files in memory 
bank 0 | 
f20h -f2Fh: physically identical to f00 - fOF 
f30h -f3Fh: general purpose register files in memory 
bank 1 
f40h-f4Fh: physically identical to f00 - fOF 
f50h-f5Fh: general purpose register files in memory 
bank 2 
f60h -f6Fh: —_ physically identical to f00 - fOF 
f70h-f7Fh: general purpose register files in memory 


bank 3 


Note: 


This example shows write to 
port B followed by a read 
from port B. Note that the 
data setup time = (0.25 TCY 
- TPD) where TCY 


write followed by a read 


i may be problematic. 


Execute 


NOP 
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7.0 SPECIAL PURPOSE REGISTERS 7.4 OPTION Prescaler/RTCC Option 
7.1 W Working Register Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is "write-only" and is 6-bits wide. 


Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 


7.2 IRISA YO Control Register For By executing the "OPTION" instruction, the contents of 
PORTA the “W" register will be transferred to the option register. 

Only bits 0-3 are available. PORT A is only 4-bits wide. sale RESEl conaivan, me optomedistoris sett al 

7.3 TRISB W/O Control Register For Figure 7.1 show the bit descriptions for the OPTION 
PORTB register. This register is write only. 


The I/O control register will be loaded with the content of 
the W register by executing of the TRIS PORT B 
instruction. A “1" in the I/O control register puts the 
corresponding I/O pin into a high impedance (input) 
mode. A "0" puts the contents of file register PORTB out 
on the selected I/O pins. 


This register is “write-only" and is set to all "ones" upon 
a RESET condition. 


FIGURE 7.1 - OPTION REGISTER 


5 4 3 2 1 10) 


PRESCALER VALUE | RTCC RATE] WDT RATE 


: ae 1 
2 1 
ae 1 
1 1 
1 1 
15 1 
1 1 
1 1 


PRESCALER ASSIGNMENT BIT: 
0.... RTCC 
1.... WOT 


RTCC SIGNAL EDGE: 
0.... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 
0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1..... TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION 


A RESET condition can be caused by applying power to 


the chip (power-up), pulling the MCLR input "low" or by 


a Watchdog Timer timeout. The device will stay in 


RESET as long as the oscillator start-up timer (OST) is 
active or the MCLR input is “low." 


The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of Power-On Reset with MCLR tied to Vop the OST 
Starts from power-up. In case of WDT time-out, it will 
start at the end of the timeout (since MCLR is high). In 
case of MCLR reset, the OST will start when MCLR goes 
high. The nominal OST timeout period is 18ms. See 
Section 13.0 for detailed information on OST and Power- 
On Reset. 











TABLE 8-1: RESET CONDITION FOR REGISTERS 


e MCLR Reset during: 


Register Address’ |e Power-on Reset 
- normal operation 
- SLEEP 
¢ WDT timeout during normal 
operation 


During a RESET condition the state of the PIC16C58A 
is defined as : 


e The oscillator is running or will be started (power 
up or wake-up from SLEEP). 7 


e _All!/O port pins (RAO - RA3 and RBO - RB7) are put 
into the high-impedance state by setting the "TRIS" 
registers to all “ones” (= input mode). 


e The Program Counter is set to all "ones" (7FFh). 
e The OPTION register is set to all "ones". 
e The Watchdog Timer and its prescaler are cleared. 


e The upper-three bits (page select bits) in the 
STATUS Register are cleared to "zero." 


e "RC" mode only: The “"CLKOUT" signal on the 
_ OSC2 pin is held at a*low" level. 


e Wake up from SLEEP 
through WDT timeout 


| 200 sooo | yuu _vuuL uuuu_vuuU 


0011 1111 


0011 1111 0011 1111 


ee ee 
Px ore | tr 
; 


Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as ‘0', ? = value depends on condition 
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9.0 PRESCALER 


An 8-bit counter is available as a prescaler for the RTCC, 
or as a post-scaler for the Watchdog Timer, respectively 
(Figure 9.1). For simplicity, this counter is being referred 
to as "prescaler" throughout this data sheet. Note that 
there is only one prescaler available which is mutually 
exclusively shared between the RTCC and the Watch- 
dog Timer. Thus, a prescaler assignment for the RTCC 
means that there is no prescaler for the Watchdog 
Timer, and vice-versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC,x....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 


9.1 Switching Prescaler Assignment 
HANGING PRESCALER FROM RTCC TO WDT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WDT: 


1. MOVLW B'xx0x0xxx' — ; Select internal clock and select new 

2. OPTION ; prescaler value. If new prescale value 
; is = ‘000° or '001', then select any other 
> prescale value temporarily. 


3. CLRF 1 ; Clear RTCC and prescaler. 

4. MOVLW B'xxxxtxxx' _ ; Select WDT, do not change prescale 
: value. 

5. OPTION : 

6. CLRWDT ; Clears WDT and prescaler. 


7. MOVLW B'xxxxtox' —_; Select new prescale value. 
8. OPTION : 


Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or ‘001’. 


CHANGING PRESCALER FROM WDT TO RTCC 


To change prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWDT : Clear WDT and prescaler 

2. MOVLW_B'xxxx0xxx'_; Select RTCC, new prescale value 
; and clock source 

3. OPTION ; 


FIGURE 9.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 


CLKOUT (=Fosc/4) 


DATA BUS 


8 
SYNC 


2 RTCC 
CYCLES 





8-BIT COUNTER 


8-TO-1 MUX PSO - PS2 


WDT ENABLE 
EPROM FUSE 


WDT Note: RTE, RTS, PSA, PSO-PS2 
TIMEOUT are bits in the OPTION register. 
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10.0 BASIC INSTRUCTION SET 
SUMMARY 


Each instruction is a 12-bit word divided into an OPCODE 
which specifies the instruction type and one or more 
operands which further specify the operation of the 
instruction. The Instruction Set Summary in Table 10.1 
lists byte-oriented, bit-oriented, and literal and control 
operations. 


For byte-oriented instructions, “f* represents a file regis- 
ter designator and "d" represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If “d" is zero, the result is 
placed in the W register. If “d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while “f" represents the number of the 
file in which the bit is located. 


For literal and control operations, "k" represents an eight 
or nine bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 psec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 usec. 


Notes to Table 10.1 


Note 1: The ninth bit of the program counter will be 
forced to a "zero" by any instruction that writes 
to the PC except for GoTO (e.g. CALL, MOVWF 
PC etc.). See section 4.3 for details. 
When an 1/O register is modified as a function of 
itself (e.g. MOVF PORTB, 1), the value used will 
be that value present on the pins themselves. 
For example, if the data latch is "1" for a pin | 
configured as output and is driven low by an 
external device, the data will be written back 
with a ‘0’. | | 
The instruction "TRIS £" , where f = PORTA, 
PORTB, or PORTC causes the contents of the 
W register to be written to the three-state latches 
of the specified file (port). A "one" forces the pin 
to a high impedance state and disables the 
output buffers. 

If this instruction is executed on The RTCC 
register (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 


Note 2: 


Note 3: 


Note 4: 
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TABLE 10.1 - INSTRUCTION SET SUMMARY 


(11-6) (5) (4 - 0) 


BYTE-ORIENTED FILE REGISTER OPERATIONS | opcope | d | fFILE#) | 


d = 0 for destination W 
d = 1 for destination f 








Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 
0001 11d£ ££FL 1cf£ Add Wandf ADDWF f,d W+f—-d C,DC,Z 1,2,4 
0001 O1d£ £FFL£ 14£ ANDWandf ANDWF f,d W&f-d Z 2,4 
0000 011f £EEE OG6E Clearf CLRF f 0-f Z 4 
0000 0100 0000 040 ClearW CLRW - 0—>W Z 
0010 01df £fff 24£ Complementf COMF f,d f—od Z 2,4 
0000 11d£ £ELE OCf£ Decrement f DECF f,d f-1—d Z 2,4 
0010 11df fEE£ 2c£ Decrementf,Skip if Zero DECFSZ f,d f-1—d, skip if zero None 2,4 
0010 10df £fFLE 28£ Incrementf INCF f,d ft+ti-d Z 2,4 
0011 11d£ f£Ef 3Ccf Incrementf,Skipifzero INCFSZ f,d f+1-d, skip if zero None 2,4 
0001 00df FEEL 10£ Inclusive OR Wand f IORWF f,d Wvf-d Z 2,4 
0010 0Odf £EEf 20£ Move f MOVF f,d fod Z 2,4 
0000 001f £fFLE O2£ MoveWtof MOVWF f W > f None 1,4 
0000 0000 0000 000 _ No Operation NOP - - None 
0011 O1ldf fFFF 34£ Rotate left f RLF f,d  f(n) > d(n+1), C + d(0), f(7) oC C 2,4 
0011 0Od£ £EFL 30f Rotate rightf RRF f,d  f(n) > d(n-1), C - d(7), f(0) 3 C C 2,4 
0000 10df £fEf O8f Subtract W fromf SUBWF f,d f-W-—>d[f+W+1—d] C,DC,Z 1,2,4 
0011 10df f£ff 38£ Swap halvesf SWAPF f,d_  f(0-3) = (4-7) od None 2,4 
0001 10df ££L£ 18f Exclusive OR Wand f XORWF f,d W@f-d Z 2,4 
(11-8) (7-5) (4 - 0) 
BIT-ORIENTED FILE REGISTER OPERATIONS 
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 











0100 bbbf ffff 4bf  BitClearf BCF f,b 0O-—> f(b) None 2,4 
0101 bbbf ffff 5Sbf Bit Setf BSF f,b 1-— f(b) None 2,4 
0110 bbbf ffff 6bf Bit Test f,Skip if Clear BIFSC f,b Test bit (b) in file (f): Skip if clear None 
0111 bbbf ffff 7bf Bit Test f, Skip if Set BTFSS f,b Test bit (b) in file (f): Skip if set None 










(11-8) (7 - 0) 
LITERAL AND CONTROL OPERATIONS 
instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


1110 kkkk AND Literal and W ANDLW k& W— W Z 
1001 kkkk Call subroutine CALL PC + 1 —> Stack, k — PC None 1 


0000 0000 Clear Watchdog Timer § CLRWDT 0 — WOT (and prescaler, if assigned) TO/PD 


101k kkkk Go To address (kis 9 bit) GOTO k — PC (9 bits) None 
1101 kkkk Incl. OR Literal and W IORLW kvW>W Z 


1100 kkkk Move Literal to W MOVLW kW None 
0000 0000 Load OPTION register OPTION W — OPTION register None 
1000 kkkk Return,place Literalin WW RETLW k — W, Stack — PC None 
0000 0000 Go into standby mode § SLEEP 0 — WDT, stop oscillator TO/PD 
0000 0000 Three-state port f TRIS W-> 1/0 control register f None 3 
1111 kkkk Excl. OR LiteralandW § XORLW k@®W>W Z 


Notes: See previous page 








© 1994 Microchip Technology Inc. [PD rel f m f na ry DS30225B-page 21 
2-157 





PIC16C58A | 





11.0 WATCHDOG TIMER (WDT) 


TheWatchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. The WDT can be permanently disabled by 
programming the WOTE EPROM fuse (to zero). | 


11.1 WDT Period 


The WDT has anominal timeout period of 18ms, (with no 
prescaler). The timeout periods vary with temperature, 
Vpp and process variations from part to part (see DC 
specs). If longer timeout periods are desired, a pres- 
caler with a division ratio of up to 1:128 can be assigned 
to the WDT under software control by writing to the 
OPTION register. Thus, timeout periods up to 2.5 sec- 
onds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT and 
the prescaler count, if assigned to the WDT, and prevent 
it from timing out and generating a device RESET 
condition. | 


The status bit TO in the STATUS register will be cleared 
upon a Watchdog Timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature and will also vary from unit to unit 
due to variations in the manufacturing process. Please 


refer to the graphs in Section 18.0 and DC specs for 


more details. 


11.2 WDT Programming Considerations 


it should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.0 OSCILLATOR CIRCUITS 


12.1 Oscillator Types 


The PIC16C58A series is available with four different 
oscillator options. The two OT1:0TO EPROM fuses in 
the configuaration word select one of these four modes. 


12.2 Crystal Oscillator 


The PIC16C58A crystal options (XT, HS, or LP) need a 
crystal or ceramic resonator connected to the OSC1 and 
OSC2 pins to establish oscillation (Figure 12.1). XT = 
Standard crystal oscillator, HS = High speed crystal 
oscillator. The series resistor RS may be required for the 
"HS" oscillator, especially at lower than 20 MHz oscilla- 
tion frequency. It may also be required in XT mode with 
AT strip-cut type crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing insensitive applications, the "RC" device 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
Capacitance between package types will also affect the | 
oscillation frequency, especially for low Cext values. © 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 12.3 shows how the R/C combination is con- 
nected to the PIC16C58A. For Rext values below 
2.2kOhm, the oscillator operation may become unstable 
or stop completely. For very high Rext values (e.g. 
1MOhm), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 

Rext between 3kOhm and 100kOhm. | 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18.0 for variation of oscil- 
lator frequency due to Vpbp for given Rext/Cext values as 
well as frequency variation due to operating temperature 
for given R, C and VpbpD values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin and can be used for test purposes 
or to synchronize other logic (see Figure 2.2 for timing). 





DS30225B-page 22 


Preliminary 


© 1994 Microchip Technology Inc. 


PIC16C58A 





Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal/ 
ceramic resonator has its own characteristics, the user 
should consult the crystal manufacturer for appropriate 
values of external components. 


TABLE 12.1 - CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 


Oscillator Resonator Capacitor Range 
Frequency C1=C2 


455 KHz 150-330 pF 


2.0 MHz 20-330 pF 
4.0 MHz 20-330 pF 





8.0 MHz 20-200 pF | 


Note: The capacitor values may change after characterization 
of the device. These values should be considered 
design targets. 


FIGURE 12.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 


_ Note 1: Rs may be required in HS and XT modes for AT 
strip-cut crystals to avoid overdriving. See Tables 
12.1 and 12.2 for recommended values of C1, C2 
per oscillator type and frequency. 





FIGURE 12.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 


CLOCK FROM . OSC1 
EXT. SYSTEM 


PIC16C58A 


OSC2 








TABLE 12.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 





Note: The capacitor values may change after characterization 
of the device. These values should be considered 
design targets. 


FIGURE 12.3 - RC OSCILLATOR 
(RC TYPE ONLY) 


internal 
clock 


PIC16C58A 


OSC2/CLKOUT 
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13.0 OSCILLATOR START-UP TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 





The OST will also be triggered upon a Watchdog Timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16C58A from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC16C58A incorporates an on-chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature the 
user merely needs to tie MCLR pin to Vop. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up the reset latch is set and the start-up timer 
(see Figure 13.4) is reset. The start-up timer begins 
counting once it detects MCLR to be high. After the time- 
out period, which is typically 18ms, it will clear the reset- 
latch and thus end the on-chip reset signal. 





Figures 13.5 and 13.6 are two power-up situations with 
relatively fast rise time on Vob. In Figure 13.5, VDD is 
allowed to rise and stabilize before bringing MCLR high. 
The chip will actually come out of reset tosT ms after 
MCLR goes high. In Figure 13.1.6, the on-chip Power- 
On Reset feature is being utilized (MCLR and VopD are 
tied together). The Vop is stable before the start-up 
timer times out and there is no problem in getting a 
proper reset. Figure 13.7 depicts a potentially problem- 
atic situation where VDD rises too slowly. In this situa- 
tion, when the start-up timer times out, VoD has not 
reached the VpbpD (min) value and the chip is therefore not 
guaranteed to function correctly. 











To summarize, the on-chip Power-On Reset is guaran- 
teed to work if the rate of rise of VoD is no slower than 
0.05 V/ms. It is also necessary that the Vop starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 
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FIGURE 13.1 - EXTERNAL POWER 
ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 


MCLR 


PIC16C58A 

Notes: 

1. External power on reset circuit is required only if Vop 
power-up slope is too slow or if a low frequency crystal 
oscillator is being used that needs a long start-up time. 
The diode D helps discharge the capacitor quickly 
when V DD powers down. 


R < 40 KQ must be observed to make sure that voltage 
drop across R does not exceed 0.2 V (max leakage 
current spec on MCLR pin is 5 wA). A larger voltage 
drop will degrade ViH level on MCLR pin. 


3 Ri= 100Q to 1KQ will limit any current flowing into 
MCLR from external capacitor C in the event of MCLR 
pin breakdown due to ESD or EOS. 





FIGURE 13.2 - BROWN OUT PROTECTION 
CIRCUIT 


PIC16C58A 


Notes: 


1. This circuit will activate reset when VDD goes below 
(VZ + 0.7 V) where VZ = Zener voltage. 


FIGURE 13.3 - BROWN OUT PROTECTION 
CIRCUIT 


PIC16C58A 


Notes: . 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 

_ below a certain level such that: 
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FIGURE 13.4 - SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 


POWER-UP POR (POWER-ON RESET) 
DETECT 


WDT TIME-OUT 


8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 


CHIP RESET 





FIGURE 13.5 - USING EXTERNAL RESET INPUT 
VoD 
MCLR 


INTERNAL POR 


OST TIME-OUT 


INTERNAL RESET ee een eee eer ee Ms | enEnRanE TT 


Note 1: The tosT time-out is invoked every time the chip comes out of reset. 
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FIGURE 13.6 - USING ON-CHIP POR (FAST Vop RISE TIME) | 


INTERNAL POR Ue 


i+——— tosT = 


OST TIME-OUT 


INTERNAL RESET ee 





FIGURE 13.7 - USING ON-CHIP POR (SLOW Vpp RISE TIME) 


MCLR 


INTERNAL POR 


<——tost ——> 


OST TIME-OUT eee t~* 
INTERNAL RESET eee l(t CO 


When Vo rises slowly, the internal time-out period expires long before VDD has reached its final 
value. In this example, the chip will reset properly if, and only if, V1> VODMIN. 
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14.0 POWER DOWN MODE (SLEEP) 


The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the WatchdogTimer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set and the oscillator driver is turned off. The 
I/O ports maintain the status they had before the SLEEP 
command was executed (driving high, low, or hi-imped- 
ance). 


For lowest current consumption in this mode, all /O pins 
should be either at Vop, or Vss, with no external circuitry 
drawing current from the I/O pin. I/O pins that are in the 
High-impedance mode should be pulled high or low 
externally to avoid switching currents caused by floating 
inputs. The RTCC input should also be at Vpp or Vss for 
lowest current consumption. 


The MCLR pin must be at Vob. 
14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an externally applied "low" 
pulse at the MCLR pin. In both cases, the PIC16C58A 
will stay in RESET mode for one Oscillator Start-up 
Ttimer period (triggered from rising edge on MCLR or 
WDT timeout) before normal program execution re- 
sumes. 


The PD bitin the STATUS register, which is set to one 
during power on , but cleared by the SLEEP command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 4.2). 
The TO bit in the STATUS register can be used to 
determine, if the “wake up" was caused by an external 
MCLR signal or a Watchdog Timer timeout. 











NOTE: Some applications may require external R/C 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC16C58A will be in RESET only for the Oscillator 
Start-up Timer period. 


15.0 CONFIGURATION FUSES 


The configuration EPROM consists of four EPROM 
fuses. 


Two are for the selection of the oscillator type, one is the 
watchdog timer enable fuse and one is the code protec- 
tion fuse. 


FIGURE 15.1: CONFIGURATION WORD 
Register: FUSES 
Socooo) 


1 
a OT<1:0>: OSC selection fuses. 
11: RC oscillator 
10: HS oscillator 
01: XT oscillator 
00 : LP oscillator 


WDTE: WDT enable fuse. 

1 = WDT enabied 

0 = WOT disabled 

CP: Code protection fuse. 

1: Code protection off 

0: All memory is code 
protected 


Unimplemented. 





15.1 Customer ID Code 


The PIC16C58A series has 16 special EPROM bits 
which are not part of the normal program memory. 
These bits are available to the user to store an Identifier 
(ID) code, checksum, or other informative data. They 
cannot be accessed during normal program execution. 


15.2 Code Protection 


The program code written into the EPROM can be 
protected by programming the code protection fuse with 
"0". 

When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 040h and above are protected 
against programming. 

It is still possible to program locations O0Oh - O3Fh, the 
ID locations and the configuration fuses. 


Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 


15.2.1 VERIFYIN DE-PROT ED PART 


When code protected verifying any program memory 

location will read a scrambled output which looks like 

"“O0000000XXXX" (binary) where X is 1 or 0. To verifya 

device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, write '0' to the code protection fuse and then 
load its contents in a file. 

c. Verify any code-protected PIC16C58A (with this 
program) against this file. 
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16.0 DEVELOPMENT SUPPORT 


16.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


e PICMASTER™ Real-Time In-Circuit Emulator 

e PRO MATE™ Universal Programmer . 
e PICSTART™ Low-Cost Prototype Programmer 
¢ MPASM Assembler 

e MPSIM Software Simulator 


16.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System i is designed to operate on low-cost 
PC-compatible machines ranging from 286-AT™ class 
ISA bus systems through the new 486 EISA-bus ma- 
chines. The development software runs in the 
Microsoft Windows® 3.X environment, allowing the op- 
erator access to a wide range of Supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


¢ Host-Interface Card 

e¢ Emulator Control Pod 

e Target-Specific Emulator Probe 

e PC Host Emulation Control Software 


The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DDE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.X, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g.,asystem containing a PIC16CXX processor anda 
PIC17CXX processor). 


16.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in a stand 
alone mode as well as a PC-hosted mode. 


The PRO MATE has programmable Vpp and VpP sup- 
plies which allows it to verify programmed memory at 
VoD min and VoD max for maximum reliability . thas an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 


also set the fuse configuration and code-protect in this 


mode. Its ROM memory holds data and parametric 
information even when powered down. It is ideal for low 
to moderate volume production. 


FIGURE 16.1 - PICMASTER SYSTEM CONFIGURATION 


5V In-Line 
Power Supply | 90-250 VAC 
(Optional) 


Common Interface Card 
PC Compatible Computer 
{AT/1SA Bus) (for Industry Standard Architecture) 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VoD min, VoD max and Vpr levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular “programming socket 
module". Different socket modules are required for 
different processor types and/or package types. PRO 
MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


16.4 PICSTART™ Programmer 


The PICSTART programmer is an easy to use, very low- 
cost prototype programmer. It connects to the PC via 
one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
andefficient. The user interface is full-screen and menu- 
based. 


_ 16.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


e Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


¢ Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


e Control Directives permit sections of conditionally 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


16.6 ftware Simulator (MPSIM 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or ina trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


16.7 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed below: 


‘ttem|Name___| System Description 


PICMASTER | PICMASTER In-Circuit Emulator with 
your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


PICSTART Low-Cost Prototype 
Programmer, Assembler, Software 
Simulator and Samples 














2. | PICSTART 


16.8 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER Devices Maximum Operating 
PROBE Supported |Frequency Voltage 


ed 
PROBE - 16A | PIC16C54, 4MHZ | 4.5V-5.5V 


PIC16C55, 
PROBE - 16D 





















PIC16C56, 
and PIC16C57 













PIC16C54, 20MHz | 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
PIC16C57, 


and PIC16C58 
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17.0 ELECTRICAL CHARACTERISTICS *Notice: Stresses above those listed under “Maximum Ratings" 

; : may cause permanent damage to the device. This is a stress 
17.1 Absolute Maximum Ratings* rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 


Ambient temperature under bias........-55°C to +125°C pa eaahdaagaiy ice sahara 
of this specification is not implied. Exposure to maximum rating 





Storage Temperature ma ea - 65°C to +150°C . conditions for extended periods may affect device reliability. 
Voltage on any pin with respect to Vss | 
(except Vop, MCLR: and RTCC)... -0.6V to Vop +0.6V Notes: 1. Total power dissipation should not exceed 800 
Voltage on Voo with respect to Vss ........... 0to+7.5V mW for the package. Power dissipation is 
Voltage on MCLR:_ and RTCC with respect calculated as follows: 

ROSS cod eccapi ts escctesc scstontcas asteasboriactece Oto +14 V Ppis=Vop x {IDD - 10H} + ¥ {(VDD-VoH) x 1oH} 
Total power Dissipation (Note 1) ...........00.0 800 mW + X(VOL x IOL) 

Max. Current out of VSS Pin ..............scsecceessees 150 mA 

Max. Current into VDD pin ........c:cscsesesescseeseeeeee 100 mA 


Input Clamp Current, lik (Vi<0O or Vi>VDD) ...... +20 mA 
Output Clamp Current, lok (Vo<0 or Vo>Vppb) +20 mA 
Max. Output Current sinked by any I/O pin ....... 25 mA 
Max. Output Current sourced by any I/O pin .... 20 mA 
Max. Output Current sourced by a single 


VO POM? “POPE A iccassanssscevedscecescitanseedacsaeasceuovgecans 50 mA 
POPE Bho ccceartcadeectecduvestaceet ered sibee 100 mA 

Max. Output Current sinked by a single 

VO port Port Au... cece ener re eer a 50 mA 
POM Behe AGieoeesrteicectesenciteends 100 mA 


TABLE 17.1 - PIN DESCRIPTIONS | 


[Name | Function | Observation, 


RAO - RA3 | VO PORTA 4 input/output lines. TTL input buffers. 
RBO-RB7 ~ 1/0 PORTB 8 input/output lines. TTL input buffers. 
RTCC. Real Time Clock/Counter 


Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Vopif =| 
a 
OSC1/CLKIN Oscillator (input) 


not in use to avoid unintended operation and to reduce 
OSC2/CLKOUT Oscillator (output) 



































current consumption. 







Schmitt Trigger Input. 
A "Low" voltage on this input generates a RESET condition. 


A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to VoD. 
In "XT", "HS" and “LP" oscillator configuration: Input terminal 
for crystal, ceramic resonator, or external clock generator. 

In "RC" oscillator configuration: Driver terminal for external 
RC combination to establish oscillation. 
In "XT", "HS" and "LP" oscillator configuration: Output 
terminal for crystal and ceramic resonator. Do not connect 
any other load to this output. Leave open if external clock 
generator is used. 

In “RC* oscillator configuration: A "CLKOUT" signal with a 
uency of 1/4 Fosc1 is put out on this pin. 
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17.2 DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 


DC CHARACTERISTICS, Standard Operating Conditions 
POWER SUPPLY PINS Operating temperature -40°C < Ta < +85°C for industrial and 


0°C < TA< +70°C for co oe ercial 
Supply Voltage sno 


7) a — |} 
77) * 


aaah 
+ Eat Yan KU optids 
RAM Data Retention EP trode 
Vobp start voltage to VPOR 3.1 for details on power on 
guarantee power on eset | Roo 


Vop rise rate to guarantee | Svop Vims| Sse Section 13.1 for details on power on 
power on reset 


Supply Current (Note 2) a 
/ 


Power Down Current 


(Note 4) . uF 
WDT enabled svi 


aS 


a 
a 
= 
“he 
S 


LP option, Commercial 
Fosc = 32 KHz, VDD = 3.0V, WDT disabled 


V 
V 
Ni 
Sys XT and RC options 
y 
Fose = 32 KHz, VoD = 3.0V, WDT disabled 
pA VDD = 3.0V, Commercial 
pA VoD = 3.0V, Industrial 
pA VpD = 3.0V, Commercial 
pA 


OY 


Y Fosc = 4 MHz, VDD = 5.5V 
LP option, Industrial 
WDT disabled 
VbdD = 3.0V, Industrial 





loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
Current consumption. 
a) The test conditions for all |IDD measurements in active operation mode are: 


OSC 1=external square wave, from rail to rail; all!/O pins tristated, pulledto VoD, RT=Vop, MCLR = Von; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vob/2Rext (mA) with Rext in kOhm. 
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17.3 DC CHARACTERISTICS: PIC16C58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C58A-20 (COMMERCIAL, INDUSTRIAL) 













DC CHARACTERISTICS, Standard Operating Conditions | 
POWER SUPPLY PINS Operating temperature -40°C < TA < +85°C for industrial and 


0°C < TAS +70°C for commercial 
Supply Voltage 
VoD 

RAM Data Retention VoR 

Voltage (Note 3) 
Vop start voltage to VPOR Vss 
guarantee power on reset 
Voo rise rate to guarantee ‘ican eae 



















power on reset 
Supply Current (Note 2) 





osc = 10 MHz, Vop = 5.5V 
Fosc = 20 MHz, Vop = 5.5V 












Power Down Current 
(Note 4) 
WDT enabled 









Vob = 3.0V, Commercial 
VoD = 3.0V, Industrial 

Vpop = 3.0V, Commercial 
Vop = 3.0V, Industrial 






WDT disabled 


Note 1: p 2d “typical” is based on characterization results at 25°C. This data is for design 


Note 2: Ws mainly a function of the operating voltage and frequency. Other factors such as bus 


a) The test Canditions for all lbp measurements in active operation mode are: 


OSC 1=external square wave, from rail to rail; all 1/O pins tristated, pulledto Vop, RT=Vop, MCLR =Vpp; WDT 
enabled/disabled as specified. a 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
lr = VobD/2Rext (mA) with Rext in kKOhm. 
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17.4 DC CHARACTERISTICS: PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 


DC CHARACTERISTICS, Standard Operating Conditions 
POWER SUPPLY PINS Operating temperature -40°C < TA <+85°C for industrial and 
0°C < TA< +70°C for commercial 


Characteristic 


Supply Voltage 


Vop start voltage to ie section 13.1 for details on power on 
guarantee power on reset z 

Vpo rise rate to guarantee 5 

power on reset 


XT and RC options 
Fosc = 4 MHz, Vod = 5.5V 
HS option 
Fose = 4 MHz, VoD = 5.5V 
LP option, Commercial 
Fosc = 32 KHz, Vop = 2.5V, WDT disabled 
LP option, Industrial 
Fosc = 32 KHz, VDD=2.5V, WDT disabled 
Power Down Current 
(Note 4) 
WDT enabled PY Vop = 2.5V, Commercial 
VoD = 2.5V, Industrial 
WDT disabled : Vbb = 2.5V, Commercial 
Vpb = 2.5V, Industrial 





Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current Consumption. 

a) The test conditions for all lbD measurements in active operation mode are: 


OSC 1= external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT=Vop,MCLR =Vpp; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
ir = Vob/2Rext (mA) with Rext in kOhm. 
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17.5 DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 
- PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 

PIC16C58A-10 (COMMERCIAL, INDUSTRIAL) 

PIC16C58A-20 (COMMERCIAL, INDUSTRIAL) 





DC CHARACTERISTICS, Standard Operating Conditions 


ALL PINS EXCEPT POWER SUPPLY Operating temperature “40°C <TA<s +85'C for industrial and 
| 0°C < TA< +70 °C for commercial 


Input Low Voltage 
VO ports 0.2 VoD 
MCLR (Schmitt trigger) 0.15 Vop 
RTCC (Schmitt trigger) | 0.15 VDD 
OSC1 (Schmitt trigger) 0.15 VDD 
OSC1 | 
input High Voltage 
I/O ports 0.2 VoD + 1V 

| 2.0 
MCLR (Schmitt trigger) 0.85 Vpp 
RTCC (Schmitt trigger) 0.85 VpD 7 
OSC1 (Schmitt trigger) 0.85 VpD RC option only (Note 5) 
OSC1 | XT, HS and LP options 
Input Leakage Current For Vpop < 5.5V 
(Note 4) : _ 
1/0 ports S Vss < VPIN < VDD, 

Pin at hi-impedance | 

MCLR VPIN = VSs + 0.25V (Note 3) 


MCLR VPIN = VoD (Note 3) 
RTCC Vss < VPIN < VDD 


Vss < VPIN< VDD, 
XT, HS and LP options 
Output Low Voitage 
1/O Ports : lo. = 8.7 mA, VoD = 4.5V 
iOL = 1.6 mA, VoD = 4.5V 


Output High rae : 
I/O Ports (Note 4 IOH = -5.4 mA, VDD = 4.5V. 
OSC2/CLKOUT IOH = -1.0 mA, VDD = 4.5V 


(RC option only) 


Note 1: Data inthe column labeled "Typical" is based on characterization results at 25°C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 
Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 





Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C58A be 
driven with external clock in RC mode. 

Note 6: The user may use lower ViH voltage of the two specifications. 
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17.6 AC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C58A-20 (COMMERCIAL, INDUSTRIAL) 


























AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40°C < TA < +85°C for industrial and 


0°C < TA < +70°C for commercial 


Characteristic 






External CLOCKIN 
Frequency (Note 2) 





Oscillator Frequency 
(Note 2) 





Instruction Cycle Time 
(Note 2) 






HS mode (Note 5) 
LP mode 









External Clock in Timing 
(Note 4) 

Clock in (OSC1) high or low time 
XT oscillator configuration 

LP oscillator configuration 

HS oscillator configuration 

Clock in (OSC1) rise or fall time 
XT oscillator configuration 
LP oscillator configuration 
HS oscillator configuration 


















TCKHLXT 
TCKHLLP 
TCKHLHS 



















BS B52 








0.5 Tcy+ 20* 
0.5 Tcy+ 20* 





Note 3 
Note 3 
Note 3. Where N = prescale 
value (2,4, ..., 256) 





Watchdog Timer Timeout Period 
(No Prescaler) 


= 
” 


* Guaranteed by characterization, but not tested. (Cont. on next page) 





© 1994 Microchip Technology Inc. [> re 1 i im f na ry DS30225B-page 35 
2-171 


PIC16C58A 





17.6 AC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 
(Cont.) . PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 

_ - PIC16C58A-10 (COMMERCIAL, INDUSTRIAL) 

PIC16C58A-20 (COMMERCIAL, INDUSTRIAL) 


AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40°C < TA<+85°C for industrial and 
0°;C < TAS +70°C for commercial 


Characteristic Typ Units Conditions 
(Note ) | | 


1/0 Timing 

I/O pin input valid before 

CLKOUTT (RC Mode) Tos 0.25 Tcy+ 30* 
1/0 pin input hold after 

CLKOUTT (RC Mode) ~TOH 


I/O pin output valid after 

CLKOUTJ (RC Mode) TPD 

1/0 pin input valid before OSCT 

(1/0 setup time) TioV2osH Vo =5.0V 
OSC1T to 1/0 pin input invalid TosH2ioL Vop = 5.0V 
(1/0 hold time) 

OSC1T to 1/0 pin output valid TosH2ioV 53 Vop = 5.0V 
OSC1T to CLKOUT low TosH2ckL Vp = 5.0V 
OSC1T to CLKOUT high TosH2ckH Vop = 5.0V 
1/0 pin input valid before CLKOUT high TioV2ckH ; Vop = 5.0V 
CLKOUT low to 1/0 valid TckL2ioV \ TR Vop = 5.0V 
CLKOUT rise time Vbp = 5.0V 
CLKOUT fall time © — Vop = 5.0V 
1/0 pin output rise time — Ti . Vop = 5.0V 
1/0 pin output fall time i NN Vod = 5.0V 


In XT, HS or LP modes when 
external clock is used to drive 
OSC1 





Note 2. Instructioncycle period (Tey) equals four times the input oselilator: time base period. 
All specified Values are based on characterization data for that particular oscillator type under standard operating 
conditions with the device executing code. Exceeding these specified limits may result in an unstable oscillator 
operation and/or higher than expected current consumption. All devices are tested to operate at "min." values 
with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle timé limit is "DC" (no clock) for all devices. 

Note 3. For a detailed explanation of RTCC input clock requirements see section 4.2.1. 

Note 4. Clock-in high-time is the duration for which clock input is at VIHOSC or higher. 
Clock-in low-time is the duration for which clock input is at VILOSC or lower. 

Note 5. This HS specification is only for the -20 device. The -10 device has a maximum of 10 MHz and the -04 device 
has a maximum of 4 MHz. 
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17.7 Electrical re of Pin FIGURE 17.2 - ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 


FIGURE 17.1 - ELECTRICAL STRUCTURE OF 
VO PINS (RA and RB) 


Schinitt trigger 
Input buffer 





Notes to Figures 17.1 and 17.2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri- 
cal overstress). Rin is a small resistance to further protect the 
input buffer from ESD. 
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18.0 TIMING DIAGRAMS 
FIGURE 18.1 - RTCC TIMING 


CLKOUT 


' i 
DEVICE _————— | FETCH 1. INSTRUCTION | FETCH 2. INSTRUCTION | 
FUNCTION 1 EXECUTE "FORCED" NOP ,; EXECUTE 1. INSTRUCTION 
1 t { 





FIGURE 18.3 - INPUT/OUTPUT TIMING FOR I/O PORTS 


> TosH2ckL 


tte TekF 
' TioV2o0sH 
a TckL2ioV 


‘i TTR at | XL/L// i 


TosH2iov TosH2ioV ! seis 


VO Pin 
(output) old value new value 


pate Te 


Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only in RC oscillator mode 
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19.0 DC AND AC CHARACTERISTICS GRAPHS/TABLES 


NOT AVAILABLE AT THIS TIME 
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20.0 PACKAGING INFORMATION | 
See Section 11 of the Data Book. 


20.1 Package Marking Information 


18L SOIC | Example 






PIC16C58A- 
041/S0 


9352 CBK 


MMMMMMMMM 
MMMMMMMMM 


of AABB CDE 





18L PDIP Example 


PIC16C58A- 
041/P456 


AS\9336 CBA 





20L SSOP Example 






PIC16C58A 
101/218 


oS 9325 CBK 





18L Cerdip Example 
AN ( PIC16C58A 
MicrocHPp 9340 CBA 


MM...M_ Microchip part number information 
XX...X Customer specific information* 
AA Year code (last 2 digits of calendar year) 


BB Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


*Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. 

For QTP devices, any special marking adders are included in QTP price. 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do NOT need CompuServe 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you set your modem to 7E1 and dial (800) 


848-4480 for 300-2400 baud or (800) 331-7166 for 9600 


baud connection. After the system responds with Host 
Name :, type 


NETWORK<ENTER> and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 


PICMASTER, PROMATE and PICSTART are trademarks of 
Microchip Technology Incorporated. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe Inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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NOTES: 
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PIC16C58A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices below or contact Corporate Headquarters for the representative or distributor in your area. 


PART NO. -XX X /XX XXX 


q Patter: 


Package: 


Temperature 
Range: 


Frequency 
Range: 


Device: 


Sales and Support 


3-Digit Pattern Code for QTP (factory specified) 
(blank for OTP and Windowed Parts) 


P 
1e) 
Ss 
JW 


I 


04 
10 
20 


PIC16C58A 


PDIP (300 mil) 

SOIC (Gull Wing, 300 mil body) 
SSOP (209 mil) 

Ceramic Window 


0°C to +70°C (T for tape/reel) 
-40°C to +85°C (S for tape/reel) 


4 MHz 
10 MHz 
20 MHz 


: Standard Vpp range 


PIC16LC58A_ : Extended Vop range 


Examples: 
a) PIC16C58A - 04/P301 
= Commercial temp., 
PDIP package, 
4 MHz, standard V bo limits, 
QTP pattern # 301 
b) PIC16LC58A - 041/SO 
= Industrial temp.., 
SOIC package, 
4 MHz, extended V pop limits 
C) PiC16C58A - 201/P 
= Industrial temp., 
PDIP package, 
20 MHz, standard Vbo limits 





Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MicCROCHIP PIC1 6CR57A 


ROM-Based 8-Bit CMOS Microcontroller 





FEATURES 


Compatibility 
e Pin and software compatible with PIC16C57 device 


High-Performance RISC-like CPU 
¢ Only 33 single word instructions to learn 
e All single cycle instructions (200 ns) except for pro- 
gram branches which are two-cycle 
Operating speed: DC - 20 MHz clock input 
DC - 200ns instruction cycle 
12-bit wide instructions 
8-bit wide data path 
2K x 12 on-chip ROM program memory 
72 x 8 general purpose registers (SRAM) 
Eight special function hardware registers 
Two-level deep hardware stack 
Direct, indirect and relative addressing modes for data 
and instructions 


Peripheral Features 

e 20 1/0 pins with individual direction control 

e 8-bit real time clock/counter (RTCC) with 8-bit pro- 
grammable prescaler 

e Power-On Reset 

¢ Oscillator Start-up Timer 

¢ Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

¢ Security ROM fuse for code-protection 

e Power saving SLEEP mode 

¢ Mask selectable oscillator options: 
- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystal/resonator: HS 
- Power saving low frequency crystal: LP 


CMOS Technology 
¢ Low-power, high-speed CMOS ROM technology 
e Fully static design 
e Wide-operating voltage range: 
- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
e Low-power consumption 
- <2mA typical @ 5V, 4 MHz 
- 15pA typical @ 3V, 32 KHz 
- <3yA typical standby current (with WDT disabled) 
@ 3V, 0'C to 70°C 


FIGURE A - PIN CONFIGURATIONS 


OON OO AWN a 


PDIP, SOIC 


VZSHD9LOId 


VZSHD9LOId 


MCLR ~<#— 


OSC1/CLKIN<#— 
OSC2/CLKOUT —> 


RC7 <= 
RC6 =i 
RC5 => 
RC4 =<i—e- 
RC3 = 
RC2 = 
RCi~<—. 
RCO =< 
RB7 <— 
RB6 <> 
RB5 <— 


MCLR ~<t— 


OSC1/CLKIN~— 
OSC2/CLKOUT —> 


RC7 = 
RC6 =i 
RC5 =< 
RC4 <i 
RC3 => 
RC2 <> 
RC1~<— 
RCO = 
RB7 <i 
RB6 <i 
RB5 =< 
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1.0 GENERAL DESCRIPTION 


The PIC16CR57A from Microchip Technology is a new 
member of the family of low-cost, high-performance, 
8-bit, fully static, ROM based CMOS microcontrollers. 
This device is pin and software compatible with the 
PIC16C57. It employs a RISC-like architecture with only 
33 single word/single cycle instructions to learn. All 
instructions are single cycle (200ns) except for program 
branches which take two cycles. The PIC16CR57A 
delivers performance an order of magnitude higher than 
its competitors in similar price category. The 12-bit wide 
instructions are highly symmetrical resulting in 2:1 code 
compression over other 8-bit microcontrollers in its 
class. The easy to use and easy to remember instruction 
set reduces development time significantly. 


The PIC16CR57A is equipped with special 
microcontroller-like features that reduce system cost 
and power requirements. The Power-On Reset and 
oscillator start up timer eliminate the need for external 
reset circuitry. There are four oscillator configurations to 
choose from, including power saving LP (Low Power) 
oscillator and cost saving RC oscillator. Power saving 
SLEEP mode, Watchdog Timer and code protection 
features improves system cost, power and reliablity. 


The PIC16CR57A is supported by an assembler, a 
software simulator, an in-circuit emulator and a produc- 
tion quality programmer. All the tools are supported by 
IBM PC and compatible machines. 


1.1 Applications 


The PIC16CR57A device fits perfectly in applications 
ranging from high-speed automotive and appliance mo- 
tor control to low-power remote transmitters/receivers, 
pointing devices, and telecom processors. The small 
footprint packages for through hole or surface mounting 
make this microcontroller perfect for all applications with 
space limitations. Low-cost, low-power, high perfor- 
mance, ease of use and 1/O flexibility make the 
PIC16CR57A very versatile even in areas where no 
microcontroller use has been considered before (e.g. 
timer functions, replacement of "glue" logic in larger 
systems, co-processor applications). 


| TABLE 1.1 - OVERVIEW OF PIC16CR57A DEVICE 


Package Options 


28L PDIP (300 mil and 600 mil wide), 28L SOIC (300 mil), 28L SSOP 


* — Including special function registers. 

















2.0 ARCHITECTURAL DESCRIPTION 


2.1 Harvard Architecture 


The PIC16CR57A single-chip microcomputer is a low- 
power, high-speed, full static CMOS device containing 
ROM, RAM, I/O, and a central processing unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (ROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC16CRS57A is given in Figure 2.1. 


2.2 Clocking Scheme/Instruction Cycle 


The clock input (from pin OSC1) is internally divided by 
four to generate four non overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, the PC is 
incremented every Q1, an instruction is fetched from 
program memory and latched into instruction register in 
Q4. It is decoded and executed during the following Q1 
through Q4. The clocks and instruction execution flow 
is shown in Figure 2.2. 


TABLE 2.1 - PIN FUNCTIONS 


RAO - RA3 VO PORTA 
RBO - RB7 /O PORTB 
RCO - RC7 VO PORTC 


RTCC Real Time Clock/Counter 


MCLR Master Clear 


OSC1/CLKIN Oscillator (input)/External 
Clock Input 
OSC2/CLKOUT Oscillator (output) 

Vpb Power supply 


Vss Ground 
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FIGURE 2.1 - PIC16CR57A SERIES BLOCK DIAGRAM 


stack1 | FCG CONFIGURATION ROM | OSC1 OSc2 MCLR 
_STACK2 "DISABLE" | ‘ose 


SELECT 


WATCHDOG | “CODE 
TIMER |PROTECT’ 12 
OSCILLATOR/ 
INSTRUCTION | TIMING & 


REGISTER CONTROL 


perenne WDT/RTCC CLKOUT 
Our PRESCALER 


8 


a "SLEEP" 
INSTRUCTION 
DECODER 


| 6 
OPTION REG. "OPTION" 
DIRECT ADDRESS DIRECT RAM “SRAM 


ADDRESS FROM W (72 x 8) 


GENERAL 
PURPOSE 
REGISTER 
_ STATUS 
RTCC 
8 
| DATA BUS 


FROM W 


LITERALS 


RAO-RA3 RBO-RB7 RCO-RC7 





FIGURE 2.2 - CLOCKS/INSTRUCTION CYCLE 


pT Execute INST (PC) Fetcn INST (PC +2) 
Execute INST (PC+1) 
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2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 80 ad- 
dressable 8-bit registers including the I/O Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable. A “banking” scheme, with 
banks of 16 bytes each, is employed to address larger 
data memories (Figure 4.2). Data can be addressed 
direct, or indirect using the file select register. Immediate 
data addressing is supported by special "literal" instruc- 
tions which load data from program memory into the W 
register. 


The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the I/O port configuration, and the prescaler options. 


2.4 Arithmetic/Logic Unit (ALU) 


The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool- 
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


2048 words of 12-bit wide on-chip program memory 
(ROM) are available. The memory can be directly 
addressed in pages of 512 words. 


Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera- 
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc- 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 


3.0 PIC16CR57A OVERVIEW 


A variety of oscillator types, frequency ranges and 
packaging options are available. Depending on applica- 
tion and production requirements the proper device 
option can be selected using the information and tables 
in this section. When placing orders, please use the 
“"PIC16CR57A Product Identification System" on the 
back page of this data sheet to specify the correct part 
number. 
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4.0 OPERATIONAL REGISTER FILES 
4.1 Indirect Data Addressing (INDF) — 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. The INDF register is 


useful as an indirect address pointer. For example in the 


instruction ADDWF INDF, Wwilladd the contents of the 
register pointed to by the FSR to the content of the W 
Register and place the result in W. 


If INDF itself is read through indirect addressing (i.e. 
FSR =0h), then OOhis read. Ifthe INDF register is written 
to via indirect addressing, the result will be a NOP. 


4.2 Real Time Clock/Counter Register 
(RTCC) 


This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 4.1 is a simplified block 
diagram of the RTCC module. 


An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. The OPTION register is a 
special register (not mapped in data memory) address- 
able using the 'OPTION' instruction. See section 7.5 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to the RTCC register (e.g.cLRF 
RTCC, Or BSF RTCC,5, ...etc.) clears the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines, if the RTCC register is incremented 
internally or externally. 


RTS=1: The clock source for the RTCC or the pres- 
caler, if assigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines, if an increment occurs on the falling 
(RTE=1) or rising (RTE=0) edge of the signal 
presented to the RTCC pin. 


RTS=0: The RTCC register or its prescaler, respec- 
tively, will be incremented with the internal 
instruction clock (= Fosc/4). The "RTE" bit in 
the OPTION register and the RTCC pin are 
“don't care" in this case. The RTCC pin must 
not be left floating (tie to either VoD or Vss). 
This prevents unintended entering of test modes 
and reduces the current consumption in low- 
power applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), the RTCC 
register keeps incrementing and just rolls over when the 
value "FFh" is reached. All increment pulses for the 
RTCC register are delayed by two instruction cycles. 


After writing to the RTCC register, for example, no 
increment takes place for the following two instruction 
cycles. This is independent if internal or external clock 
source is selected. If a prescaler is assigned to the 
RTCC, the output of the prescaler will be delayed by two. 
cycles before the RTCC register is incremented. This is 
true for instructions that either write to or read-modify- 
write RTCC (e.g. MOVF RTCC, CLRF RTCC). For 
applications where RTCC needs to be tested for zero 
without affecting its count, use of MOVF RTCC, W 
instruction is recommended. Timing diagrams in Figure 
4.3 show RTCC read, write and increment timing. | 


4.2.1 USING RTCC WITH EXTERNA K 


When external clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1, the synchronization is done after 
the prescaler. The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, itis necessary for PSOUT to be high 
for at least 2 tosc and low for at least 2 tosc where: 


tosc = oscillator time period. 


When no prescaler i , PSOUT (Prescaler output, 
see Figure 4.1) is the same as RTCC clock input and 
therefore the requirements are: 


TRTH = RTCChigh time = 2tosc + 20 ns 
TrRTL = RTCC low time 2 2tosc + 20 ns 


When prescaleris used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 

Ne TRT 


Then: PSOUT high time = PSOUT low time =-"—3 


where TRT = RTCC input period and N = prescale value 
(2, 4, ...., 256). The requirement is, therefore Neat 
> 2 tosc + 20ns, or TRT2 oe 


The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary, the RTCC input requirements 
are: 


Trt = RTCC period = (4 tosc + 40 ns)/N 
TRTH = RATCChigh time = 10ns 
Trt. = RTCClowtime 2 10 ns 


Delay from external clock edge: Since the prescaler 


output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
This delay is between 3 tosc and 7 tosc (See Figure 4.4). 
Thus, for example, measuring the interval between two 
edges (e.g. period) will be accurate within +4 tosc (+200 
ns @ 20 MHz). 
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FIGURE 4.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 


DATA BUS 


8 


SYNC WITH 
INTERNAL RTCC (8) 
CLOCKS 


(2 CYCLE DELAY) 


PS2, PS1, PSO PSA 


Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.1). 





FIGURE 4.2 - PiC16CR57A DATA MEMORY MAP 


FILE 
ADDRESS 76543210 


00 
01 SW 109876543210 109876543210 
. 
03 
04 
05 
06 
07 


76543210 


08 
09 


OA GENERAL TO AND FROM 
OB PURPOSE rel aaa 


oc REGISTER 

oD FILE 

OE 

ae FROM PROGRAM MEMORY 


BIT 6, 5 OF FSR: BANK SELECT 


GENERAL GENERAL 
PURPOSE PURPOSE 
REGISTER FILE REGISTER FILE 


(") NOTA PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION 4.0 FOR DETAILS 
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FIGURE 4.3A - RTCC TIMING: INT CLOCK/NO PRESCALE 






PC "Qt 1 C2 103.104! G11. C2 103.104! Qt} 2 103 104! O11 G2 103104! O11 2 1031 Q4! O11 2108104! A112 103: 104! G1 10213 OA! 
(PROGRAM ; ; ; 


] t 
COUNTER) (_PCi OK PC PC KPC 2K PCH KPC 4 OPCS PC +6 
t] 









' 
‘ 
' t ' ' ’ I ‘ ‘ 
INST = ' 1 MOVWFRTCC . MOVFRTCC,W 1 MOVFRTCC,W « MOVF RTCC,W : MOVFRTCC,W « MOVFRTCC,W , 1 
' t] ‘ ‘ ' ‘ t ' ’ 
1 ‘ (] ‘ t ' ' ‘ t 
' ‘ ' ' ' ‘ ; t ’ t 
RTCC Ar OX SCOR +1 XRT +2 X,CUNRT OXON OX CNA +1) NRT +2 NRT +3 
‘ ' 1 t 1 t ‘ 
t t ' ' ' ' ‘ 
' ! ' ' ' t ‘ 
' WriteRTCC | ‘ ' ReadRTCC ' ReadRTCC | ReadRTCC '! 
' executed : | readsNRT+1 | readsNRT+2 | readsNRT+3 ! 





PC 
(PROGRAM 
COUNTER) 
t 1 


‘ t ' 
INST = + MOVWFRTCC + MOVFRTCC,W : MOVFRTCC,W MOVF RTCC, W :- MOVF RTCC,W 1 MOVF RTCC,W 
U f] ' ‘ ’ ' 


Read RTCC Read RTCC Read RTCC 
reads NRT reads NRT reads NRT reads NRT +1 


TAI @1Blas'ani@ias a‘ ai@iaia'ai@iasa' 


Smail pulse 1 
EXT CLOCK INPUT OR ; 
PRESCALER OUT (NOTE 2) meses sanolng 


EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 


INCREMENT RTCC (Q4) 


RTCC R 


Notes: : : : 


1. Delay from clock input change to RTCC increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescafer output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 
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4.3 Program Counter 


The program counter generates the addresses for on- 
chip ROM containing the program instruction words 
(Figure 4.5). 


The program counter is set to all "1"s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) GOTO instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0>). The 
upper 2-bits of PC (PC<10:9>) are loaded with page 
select bits PA1, PAO (bits 6,5 status register). Thus 
GOTO allows jump to any location on any page. 

b) CALL instructions load the lower 8-bits of the PC 
directly while the ninth bit is cleared to “O”. The PC 
value, incremented by one, will be pushed into the 
stack. The upper two bits of PC (PC<10:9>) are 
loaded with Page Select bits PA1, PAO (STATUS 
<6:5>). 

Cc) RETLW instructions load the program counter with 
the top of stack contents. 

d) If the PC is the destination in any instruction (e.g. 
MOVWF PC, ADDWF PC, Or BSF PC,5) then the 
computed 8-bit result will be loaded into the low 8- 
bits of program counter. The ninth bit of PC will be 
cleared. PC<10:9> will be loaded with Page Select 
bits PA1, PAO (STATUS <6:5>). 


It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls or 
computed jumps are limited to the first 256 locations of 
any program memory page (512 words long). 


Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in 
the STATUS register will not be changed, and the next 
GOTO, CALL, ADDWF PC, MOVWF PC instruction will 
return to the previous page, unless the page pre-select 
bits have been updated under program control. For 
example, a NOP at location “1FF” (page 0) increments 
the PC to “200” (page 1). A“GOTO xxx” at “200” will 
return the program to address “xxx” on page “O” (assum- 
ing that the page preselect bits in The STATUS register 
are “0”). 

Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a GOTO instruction at this location will 
automatically cause the program to continue in page 0. 


4.4 Stack 


The PIC16CR57A series employs a two-level hardware 
push/pop stack (Figure 4.5). 


The CALL instruction pushes the current program 
counter value, incremented by “1”, into stack level 1. 
Stack level 1 is automatically pushed to level 2. If more 
than 2 subsequent “CALL’s are executed, only the most 
recent two return addresses are stored. 


The page preselect bits of the STATUS register will be 
loaded into the most significant bits of the program 
counter. The ninth bit is always cleared to “O” upon a 
CALL instruction. This means that subroutine entry 
addresses have to be located always within the lower 
half of a memory page (addresses 000-OFF, 200-2FF, 
400-4FF, 600-6FF). However, as the stack has the 
same width as the PC, subroutines can be called from 
anywhere in the program. 


The RETLw instruction loads the contents of stack level 
1 into the program counter while stack level 2 gets 
copied into level 1. lf more than twosubsequent “RETLW’S 
are executed, the stack will be filled with the address 
previously stored in level 2. The return will be always to 
the page from where the subroutine was called, regard- 
less of the. current setting of the page pre-select bits in 
the STATUS register. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen- 
tation of “data” tables within the program memory. 


4.5 Status Word Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and page preselect bits for program 
memory. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 


set after the write. Furthermore, TO and PD bits are not 
writable. Therefore, the result of an instruction with 
status register as destination may be different than 
intended. For example, CLRF STATUS will clear all bits 


except for TO and PD and then set the Z bit and leave 
status register as O00OUU100 (where U = unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 


For other instructions, affecting any status bits, see 
Section “Instruction Set Summary" (Table 10.1). 
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4.5.1 CARRY/BORROW AND DIGIT CARRY/ — 
BORROW BITS: 


The Carry bit (C) is a carry out in vacation Speration 
(ADDWF) and a borrow out in subtract operation (SUBWF). 





It is also affected by RRF and RLF instructions. The 


following examples explain carry/borrow bit operation: 


;SUBWF Example #1 


Oxlf  ;£(1fh)=0 


Crrt 
movilw 1 pwreg=1 
:;£(1fh) =£(1fh)- 


subwf 0x1f 

" swreg=0-1=FFh 
;Carry=0: Result is 
: negative 


; SUBWF Example #2 
movlw OxFF 


movwf OxiF > £(0x1F) =FFh 


clrw ;wreg=0 
subwf Ox1iF -3£(0x1LF) =£(0x1F)- wreg 
;=FFh-0=FFh 
_;Carry=1:Result is 
: positive 


e 
g 


The digit carry operates in the same way as the carry bit, 
i.e. it is a borrow in subtract operation. 


FIGURE 4.5 - PROGRAM MEMORY 


ORGANIZATION 


PC| Ato Ag | As | 


GOTO, CALL, INST WITH PC AS 
DESTINATION - FROM STATUS<6>. 


GOTO, CALL, INST WITH PC AS 
DESTINATION - FROM STATUS<5>. 


GOTO - DIRECT FROM 
INSTRUCTION WORD 
CALL, INST WITH PC AS 
DESTINATION - ALWAYS "0" 


GOTO, CALL - DIRECT FROM 
INSTRUCTION WORD 

INST WITH PC AS 
DESTINATION - FROM ALU 


RETLW, — 
CALL STACK LEVEL 1 
11 BIT STACK LEVEL 2 
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FIGURE 4.6 - STATUS WORD REGISTER 


RESET CONDITION: 
PA2,PA1, PAO cleared to ‘0’. 
| Paz | PAI | PAO | (To | mpm] z{ ofc. TO, PD are set or reset as shown in Table 4.1 
; Z, DC, C are unknown on power on reset and 
bit 0 unchanged in any other reset. 


CARRY/BORROW BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 





DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This bit 
is reset to "0" by a SLEEP instruction. 


TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "0" by a watchdog timer time out. 


PAGE PRESELECTS BITS: 
00 Page 0 (000 - 1FF) 
01 Page 1 (200 - 3FF) - 
10 Page 2 (400 - 5FF) 
11 Page 3 (600 - 7FF) 


BIT 7: General purpose read/write bit 
(reserved for future use) 
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4.5.2 TIME OUT AND POWER DOWN STATUS 
BITS (TO, PD) | 

The TO and PD bits in the STATUS register can be 

tested to determine if a RESET condition has been 


caused by a watchdog timer time-out, a power-up con- 
dition, or a wake-up from SLEEP by the Watchdog Timer 


or MCLR pin. | 


These status bits are only affected by events listed in 
Table 4.1. | 





TABLE 4.1 - EVENTS AFFECTING PD/TO 
| STATUS BITS | 


[Event ____|_TO PD | Remarks 


Power-up 


1 1 

WDT Timeout Oo xX No effect on PD 
1 0 
1 1 


SLEEP instruction 
CLRWDT instruction 
Note: AWDT timeout will occur regardless of the status of the TO 
. bit. A SLEEP instruction will be executed, regardless of the 
status of the PD bit. Table 4.2 reflects the status of PD and 
TO after the corresponding event. 















TABLE 4.2 - PD/TO STATUS AFTER RESET 


TO PD RESET was caused by 


WDT wake-up from SLEEP 
WDT time-out (not during SLEEP) 
MCLR wake-up from SLEEP 
Power-up 

Low pulse on MCLR input 


Note: The PD and TO bit maintain their status (U) until an event 
of Table 4.1 occurs. Alow-pulse on the MCLR input does 
not change the PD and TO status bits. 




















4.5.3 PROGRAM PAGE PRESELECT 


Bits 5-6 of the STATUS register are defined as page 
address bits PA<1:0>, and are used to preselect a 
program memory page. When executing aGOTO, CALL, 
or an instruction with PC as destination (e.g. MOVWF PC), 
PA<1:0> are loaded into bit A<10:9> of the program 
counter, selecting one of the available program memory 
pages. The direct address specified in the instruction is 
only valid within this particular memory page. 


RETLW instructions do not change the page preselect 
bits. 


Upon a RESET condition, PA<2:0> are cleared to “0s. 
4.6 File Select Register (FSR) 


Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for the INDF 
register in any of the file oriented instructions). 

Bits 5-7 of the FSR are read-only and are always read as 
"one's. | | 

If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


Bits 5 and 6 of the FSR select the current data memory 
bank (Figure 4.2). 


The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSR (in case 
of indirect addressing) is “O”, or bit 4 of the direct file 
register address of the currently executing instruction is 
“O” (e.g. MOVWF DATAMEM). 


Only if bit 4 in the above mentioned cases is “1”, bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 


Bit 7 is read-only and is always read as “one.” 
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5.0 I/O REGISTERS (PORTS) 


The I/O registers can be written and read under program 
control like any other register of the register file. How- 
ever, "read" instructions (e.g. MOVF PORTB, W) always 
read the I/O pins, regardless if a pin is defined as “input” 
or “output.” Upon a RESET condition, all I/O ports are 
defined as “input” (= high impedance mode) as the I/O 
control registers (TRISA, TRISB and TRISC) are all set 
to "ones." 


The execution of a "TRIS £" instruction with corre- 
sponding "zeros" in the W-register is necessary to define 
any of the I/O pins as output. 


5.1 PORTA 


4-bit I/O register. Low order 4-bits only are used (RAO - 
RA3). Bits 4 - 7 are unimplemented and read as "zeros." 


5.2 PORTB 
8-bit !/O register. 


5.3 PORTC 
8-bit I/O Register. 


FIGURE 5.1 - EQUIVALENT CIRCUIT FORA 
SINGLE V/O PIN 


FROM 
DATA BUS 


"WRITE" 


TO DATA 
BUS 


“READ" 


FROM 
W-REGISTER /O 
CONTROL 
LATCH 


"TRIS f* -B|CK sey Q 


"RESET" 





5.4 W/O Interfacing 


The equivalent circuit for an I/O port bit is shown in 
Figure 5.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs are 
latched and remain unchanged until the output latch is 
rewritten. To use a port pin as output, the corresponding 
direction control bit (in TRISA, TRISB, TRISC) must be 
set to zero. For use as an input, the corresponding TRIS 
bit must be “one". Any I/O pin can be programmed 
individually as input or output. 


5.5 /O Programming Considerations 
5.5.1 BIDIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 7 


A pin actively outputting a "O" or "1" should not be driven 
from external devices at the same time in order to 
change the level on this pin (“wired-or", “wired-and"). 
The resulting high output currents may damage the chip. 
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§.5.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5.2). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 


the CPU is executed. Otherwise, the previous state of. 


that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or.an other instruction not 
accessing this I/O port. | 


FIGURE 5.2 - /O PORT READ/WRITE TIMING 


"ail cel asl a4! atl cel asl at! at} a2! asl a4! at! ael asl at! 
po (fo XN pG+i  X PO+e ) 


Instruction | MOVWF PORTB. | MOVF PORTB, W | 
fetched | = Writeto © ' ReadPORTB ' 
| ponTB. ot 


RB (7:0) © 


1 I 
Execute 


MOVWF PORTB | MOVF PORTB, W- 


NOP 


Port pin 


sampled here , 


Execute 





6.0 GENERAL PURPOSE REGISTERS 


f08h-fOFh: are general purpose register files which 

are always selected, independent of bank 
select. 
f10h-fiFh: general purpose register files in memory 
~ bank 0. 

{20h -{2Fh: physically identical to f00 - fOF. | 

f380h -f3Fh: general purpose register files in memory 
bank 1. 

f40h-f4Fh: physically identical to f00 - fOF. 

f50h-f5Fh: general purpose register files in memory 
bank 2. : 

{60h -f6Fh: physically identical to f00 - fOF. 

f70h -f7Fh: general purpose register files in memory 


bank 3. 


Note: 


PC +3 
NOP 


This example shows write to 
port B followed by a read 
from port B. Note that the 
data setup time = (0.25 TCY 
- TPD) where TCY 
instruction cycle. Therefore, 
: at higher clock frequencies, 
: write followed by a read 
' may be problematic. 


Execute 
NOP 
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7.0 SPECIAL PURPOSE REGISTERS 
7.1 W Working Register 


Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 


7.2 TRISA VO Control Register For 
PORTA 


Only bits 0 - 3 are available. PORT Ais only 4-bits wide. 
7.3 TRISB W/O Control Register For 
PORTB 


The I/O control register will be loaded with the content of 
the W register by executing of the TRIS PORT B 
instruction. A “1" in the I/O control register puts the 
corresponding _/O pin into a high impedance mode. 
A "0" puts the contents of file register PORTB out on the 
selected I/O pins. 


This register is “write-only" and is set to all “ones" upon 
a RESET condition. 


FIGURE 7.1 - OPTION REGISTER 


5 4 3 2 1 0 
prs | pre | psa | ps2 | psi | Pso_| 


PRESCALER 


i A 
1 ie 
1: 
5 Se 
1 
; ee 
1 

1 


7.4 TRISC V/O Control Register For 


PORTC 


The I/O control register will be loaded with the content of 
the W register by executing of the TRIS PORT C 
instruction. A “1” in the I/O control register puts the 
corresponding I/O pin into a high impedance mode. A “0” 
puts the contents of the PORTC registe out on the 
selected I/O pins. 


This register is “write-only” and is set to all “ones” upon 
a RESET condition. 


7.5 OPTION Prescaler/RTCC Option 
Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is “write-only" and is 6 bit wide. 


By executing the "OPTION" instruction, the contents of 
the "W* register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
“ones. 


RESET VALUE: 111111b 


RTCC RATE| WDT RATE 


ee ee ee ee ae a | 
20 es os Se 08 08 oe 


PRESCALER ASSIGNMENT BIT: 


0.... RTCC 
1.... WOT 


RTCC SIGNAL EDGE: 
0.... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1.... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 
0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 


2 rn 


TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION | | During a RESET condition the state of the PIC16CR57A. 
is defined as : | 


A RESET condition can be caused by applying power to © The oscillator is running, or will be started (power- 
the chip (power-up), pulling the MCLR input "low", or by up or wake-up from SLEEP). 


a Watchdog Timer timeout. The device will stay in : 
ry : : e ~—_ All /O port pins (RAO - RA3, RBO - RB7, and RCO- 
RESET as long as the Oscillator Start up Timer (OST) is RC7) are put into the high-impedance state by 








active or the MCLR input is "low." setting the "TRIS" registers to all “ones” (= input 
The Oscillator Start-up Timer is activated as soon as mode). 

MCLR input is sensed to be high. This implies that in e The Program Counter is set to all “ones* (1FFh). 
case of Power-On Reset with MCLR tied to Vo the OST ° The OPTION register is set to all "ones". 


starts from power-up. In case of WDT time-out, it will 


ae : e The Watchdog Timer and its prescaler are cleared. 
start at the end of the time-out (since MCLR is high). In 





e The upper three bits (page select bits) in the Status 


case of MCLR reset, the OST will startwhen MCLR goes Register are cleared to "zero." } 

high. The nominal OST time-out period is 18ms. See ewe : : eee 
Section 13.0 for detailed information on OST and Power- ¢ "RC" mode only: The "CLKOUT" signal on the 
On Reset. ) OSC2 pin is held at a"low” level. 


TABLE 8-1: RESET CONDITION FOR REGISTERS (PIC16CR5XA): 


Register Address ¢ Power-on Reset e MCLR Reset during: e Wake up from SLEEP 
- normal operation through WDT timeout 
- SLEEP 
¢ WDT timeout during normal . 
operation 
a ee ee) 
Ww KX 


a] 
ee eee eee cz=- 1211 
tAsB {| | att 121 1111 1111 










































iit ait fia, 1114 
INDF OO ene Be ee he 


RTCC Oth 
h 


XXXX 
See ea 
0 
yuuu_uuuu 
0 
XXXX XXKX 


2 





Legend: u = unchanged 
x = unknown 
- = unimplemented bit, reads as 'O' 
? = value of TO, PD bits depend on condition 
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9.0 PRESCALER 


An8-bit counter is available as a prescaler for the RTCC, 
or as a post-scaler for the Watchdog Timer, respectively 
(Figure 9.1). For simplicity, this counter is being referred 
to as “prescaler" throughout this data sheet. Note that 
there is only one prescaler available which is mutually 
exclusively shared between the RTCC and the Watch- 
dog Timer. Thus, a prescaler assignment for the RTCC 
means that there is no prescaler for the Watchdog 
Timer, and vice-versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC,x....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 


9.1 Switching Prescaler Assignment 
CHANGING PRESCALER FROM RTCC TO WDT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WDT: 


1. MOVLW B'xx0xOxxx' _ ; Select internal clock and select new 

2. OPTION : prescaler value. If new prescale value 
- is = ‘000' or '001', then select any other 
: prescale value temporarily. 


3. CLRF 1 ; Clear RTCC and prescaler. 

4. MOVLW B'xoxtxx' —_; Select WDT, do not change prescale 
: value. 

5. OPTION ; 

6. CLRWOT : Clears WOT and prescaler. 


7. MOVLW B'x0xtxxx' — ; Select new prescale value. 
8. OPTION : 


Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is ‘000° or '001'. 


HANGING PR ALER FROM WDT TO RT 


To change prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWDT ; Clear WDT and prescaler 

2. MOVLW_B'xxxx0xxx'_; Select RTCC, new prescale value 
- and clock source | 

3. OPTION ; 


FIGURE 9.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 


CLKOUT (=Fosc/4) 


DATA BUS 


8 
SYNC 


2 RTCC 
CYCLES 





8-BIT COUNTER 


8-TO-1 MUX PSO - PS2 


WDT ENABLE 
EPROM FUSE 


WDT Note: RTE, RTS, PSA, PSO-PS2 
TIMEOUT are bits in the OPTION register. 
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10.0 BASIC INSTRUCTION SET 
SUMMARY 


Each instruction is a 12-bit word divided into an OPCODE 
which specifies the instruction type and one or more 
operands which further specify the operation of the 
instruction. The instruction set summary in Table 10.1 
lists byte-oriented, bit-oriented, and literal and control 
operations. 


For byte-oriented instructions, “f" represents a file regis- 


ter designator and “d" represents a destination designa- . 


tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 


The destination designator specifies where the result of | 


the operation is to be placed. If "d" is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, “b" represents a bit field 


designator which selects the number of the bit affected | 


by the operation, while "f" represents the number of the 
file in which the bit is located. 


For literal and control operations, "k" represents an eight 
or nine bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 usec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 jrsec. 


Notes to Table 10.1 


Note 1: The 9th bit of the program counter will be forced 
to a "zero" by any instruction that writes to the 
PC except for GoTO (e.g. CALL, MOVWF PC 
etc.). See Section 4.3 for details. 
Note 2: When an//O register is modified as a function of 
_ itself(e.g.MOVF PORTB, 1), the value used will 
be that value present on the pins themselves. 
For example, if the data latch is "1" for a pin 
configured as output and is driven low by an 
external device, the data will be written back 
with a '0'. | 
The instruction “TRIS £" , where f = PORTA, 
_ PORTB, or PORTC causes the contents of the 
W register to be written to the tristate latches of 
the specified file (port). A "one" forces the pin to 
ahigh impedance state and disables the output 
buffers. a 
If this instruction is executed on The RTCC 
register (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 


Note 3: 


Note 4: 
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TABLE 10.1 - INSTRUCTION SET SUMMARY 


(11-6) (5) (4 - 0) 


BYTE-ORIENTED FILE REGISTER OPERATIONS | opcobE | d | f(FILE#) | 


d = 0 for destination W 
d = 1 for destination f 














Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 
0001 11df£ f£EE 1cf£ AddWandf ADDWF f,d W+f->d C,DC,.Z 1,2,4 
0001 Oldf ffff 14£ ANDWandf ANDWF f,d W&f-d Z 2,4 
0000 011f £FFF O6£F Clearf CLRF f 0 f Z 4 
0000 0100 0000 040 ClearW CLRW - 0—-W Z 
0010 01ldf f£FL 24£ Complement f COMF f,d f—-d Z 2,4 
0000 11d£ £FFL OCE Decrementf DECF f,d f-1-d Z 2,4 
0010 11d£ £FFLE 2cf£ Decrementf,Skip if Zero DECFSZ f{,d f-1— 4d, skip if zero None 2,4 
0010 10df £EEL 28£ Increment f INCF f,d f+i-od Z 2,4 
0011 11d£ £FFL 3C£ Incrementf,Skipifzero INCFSZ f,d f+ 1-— 4d, skip if zero None 2,4 
0001 OO0d£ £EFL 10£ Inclusive OR W and f IORWF f,d Wvf-d Z 2,4 
0010 00df FELL 20£ Move f MOVF f,d f-d Z 2,4 
0000 001f £FLL O2£ MoveWtof MOVWF f W — f None 1,4 . 
0000 0000 0000 000 _ No Operation NOP - - None 
0011 O1df f££EL 34£ Rotate leftf RLF f,d  f(n) — d(n+1), C — d(0), f(7) aC C 2,4 
0011 OOd£ fFLF 30£ Rotate rightf RRF f,d  f(n) > d(n-1), C > d(7), f(0) oC C 2,4 
0000 10df £FLE O8£ Subtract W from f SUBWF f,d f-W-od[f+W+1—->d] C,DC,.Z 1,2,4 
0011 10df £FLL 38£ Swap halvesf SWAPF f,d_ f(0-3) <> f(4-7) od None 2,4 
0001 10df £fFF 18f£ ExclusiveOR Wandf XORWF f,d W@f-d Z 2,4 
(11-8) (7-5) (4 - 0) 

BIT-ORIENTED FILE REGISTER OPERATIONS OPCODE b(BIT #) | f(FILE #) 
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 
0100 bbbf ffff 4bf Bit Clearf BCF f,b O-—- f(b) None 2,4 
0101 bbbf fFfFE SbF Bit Setf BSF f,b 1 f(b) None 2,4 
0110 bbbf ffff 6bf Bit Test f,Skip if Clear BIFSC f,b Test bit (b) in file (f): Skip if clear None 
0111 bbbf ffff 7bf Bit Test f, Skip if Set BIFSS  f,b Test bit (b) in file (f): Skip if set None 

(11-8) (7 - 0) 

LITERAL AND CONTROL OPERATIONS OPCODE k (LITERAL) 

instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 


1110 kkkk AND Literal and W ANDLW k& WW Z 

1001 kkkk Call subroutine CALL PC + 1 — Stack, k — PC None 1 
0000 0000 Clear Watchdog timer § CLRWDT 0 —» WOT (and prescaler, if assigned) TO/PD 
101k kkkk Go To address (k is 9 bit) GOTO k — PC (9 bits) None 
1101 kkkk Incl. OR Literal and W IORLW kvW>W Z 


1100 kkkk Move Literal to W MOVLW k— W None 
0000 0000 Load OPTION register OPTION W — OPTION register None 
1000 kkkk Return,place LiteralinW RETLW k — W, Stack — PC None 
0000 0000 Go into standby mode § SLEEP 0 —» WOT, stop oscillator TO/PD 
| 0000 0000 Tristate port f TRIS W-> 1/0 control register f None 3 
1111 kkkk Excl. OR Literal and W XORLW k@eW>W Z 





Notes: See previous page 





© 1994 Microchip Technology Inc. [> [fF @l i An) i ina FW DS30219B-page 19 
2-199 


PIC1 6CRS7A 





11.0 WATCHDOG TIMER (WDT) 


The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com- 
ponents. That means that the WDT will run, even if the 
clock on the OSC1/OSC2 pins of the device has been 
stopped, for example, by execution of a SLEEP instruc- 
tion. A WDT timeout generates a device RESET condi- 
tion. The WDT can be permanently peenied Ry speci- 
fying the WDT mask option. 


11.1 WDT Period 


The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT and 
the prescaler count, if assigned to the WDT, and prevent 
it from timing out and generating a device RESET 
condition. 


The status bit TO inthe STATUS register will be cleared 
upon a watchdog timer timeout. 


The WDT period is a function of the supply voltage, 


operating temperature, and will also vary from unit to unit. 


due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. | 


11.2 WDT Programming Considerations 


It should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.0 OSCILLATOR CIRCUITS 


12.1 Oscillator Types 


The PIC16CR57A series is available with four different 
oscillator options. Two bits in the configuaration word 
select one of these fourmodes. The customer specifies 
the desired oscillator type along with the ROM pattern. 
The parts are tested for the specific oscillator type. 


12.2 Crystal Oscillator 


The PIC16CRS57A crystal options (XT, HS, or LP) need 
a crystal or ceramic resonator connected to the OSC1 
and OSC2 pins to establish oscillation (Figure 12.1). 
XT = Standard crystal oscillator, HS = High speed crystal 
oscillator. The series resistor RS may be required for the 
“HS* oscillator, especially at lower than 20 MHz oscilla- 
tion frequency. It may also be required in XT mode with 
AT strip-cut type crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing insensitive applications the “RC* device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 12.3 shows how the R/C combination is con- 
nected to the PIC1I6CR57A. For Rext values below 
2.2kOhm, the oscillator operation may become un- 
stable, or stop completely. For very high Rext values 
(e.g. 1MOhm), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3kOhm and 100kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18.0 for variation of oscil- 
lator frequency due to Voop for given Rext/Cext values as 
well as frequency variation due to operating temperature 
for given R, C, and VpD values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2 for timing). 
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Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona- 
tor manufacturer for appropriate values of external com- 
ponents. 


TABLE 12.1- CAPACITOR SELECTION FOR 



















CERAMIC RESONATORS 
erased Resonator Capacitor Range 
Frequency C1=C2 
20-330 pF 
20-330 pF 
Note: The capacitor valves may change after characterization 
of the device. These values should be considered 


455 KHz 150-330 pF 
2.0 MHz 
4.0 MHz 
| HS | 8.0MHz | 20-200 pF 
design targets. 


FIGURE 12.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 


een 
ve internal 


PIC16CR57A 


Rs may be required in HS and XT modes for AT strip-cut 
crystals to avoid overdriving. See Tables 12.1 and 12.2 for 
recommended values of C1, C2 per oscillator type and 
frequency. 





FIGURE 12.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 


CLOCK FROM 


EXT. SYSTEM PIC16CR57A 








Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, the user should consult the 
crystal manufacturer for appropriate values of external 
components. 


TABLE 12.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 





Note: The capacitor valves may change after characterization 
of the device. These values should be considered 
design targets. 


FIGURE 12.3 - RC OSCILLATOR 
(RC TYPE ONLY) 


Internal 
clock 


PIC16CRS57A 


OSC2/CLKOUT 
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13.0 OSCILLATOR START-UP TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 


tors require a certain time after power-up to establish a 
stable oscillation. An on-chip Oscillator Start-up Timer is 
provided which keeps the device in a RESET condition 


for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 


external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 





The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16CR57A from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC1 6CR57A incorporates an on chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature the 


user merely needs to tie MCLR pin to Vop. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.4. The power on reset circuit and the 
oscillator start-up timer circuit are closely related. On 
power-up the reset latch is set and the start-up timer (see 
Figure 13.4) is reset. The start-up timer begins counting 


once it detects MCLR to be high. After the time-out 
period, which is typically 18ms, it will reset the reset- 
latch and thus end the on-chip reset signal. 





Figures 13.5 and 13.6 are two power-up Situations with 
relatively fast rise time on Vob. In Figure 13.5, VDD is 


allowed to rise and stabilize before bringing MCLR high. 
The chip will actually come out of reset tOST ms after 


MCLR goes high. In Figure 13.1.6, the on chip Power- 
On Reset feature is being utilized (MCLR and Vpp are 
tied together). The Vobp is stable before the start-up 
timer times out and there is no problem in getting a 
proper reset. Figure 13.7 depicts a potentially problem- 
atic situation where VDD rises too slowly. In this situa- 
tion, when the start-up timer times out, VoD has not 
reached the VpD (min) value and the chip is therefore not 
guaranteed to function correctly. 








To summarize, the on chip Power-On Reset is guaran- 
teed to work if the rate of rise of VDD is no slower than 
0.05 V/ms. It is also necessary that the VoD starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 


FIGURE 13.1 - EXTERNAL POWER 
ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 










PIC16CR57A| — 
Notes: : | 
1. External power on reset circuit is required only if Voo 
power-up slope is too slow or if a low frequency crystal 
oscillator is being used that need a long start-up time. 
The diode D helps discharge the capacitor quickly 
when V DD powers down. 


R < 40 KQ must be observed to make sure that voltage 
drop across R does not exceed 0.2 V (max leakage 
current spec on MCLR pin is 5 yA). A larger voltage 
drop will degrade ViH level on MCLR pin. 

3 Ri= 100Q to 1KQ will limit any current flowing into 
MCLR from external capacitor C in the event of MCLR 
pin breakdown due to ESD or EOS. 


FIGURE 13.2- BROWN OUT PROTECTION 
CIRCUIT 


MCLR 


PIC16CR57A 






Notes: 


1. This circuit will activate reset when VDD goes below 
(VZ + 0.7 V) where VZ = Zener voltage. 





FIGURE 13.3 - BROWN OUT PROTECTION 
CIRCUIT 


1. This brown circuit is less .expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 


R1 


VDD «e ——__—— = 
R1+R2 


0.7 V. 
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FIGURE 13.4 - SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 


8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 


CHIP RESET 





FIGURE 13.5 - USING EXTERNAL RESET INPUT 


INTERNAL POR 


OST TIME-OUT 


INTERNAL RESET eee 


Note 1: The tost time-out is invoked every time the chip comes out of reset. 
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FIGURE 13.6 - USING ON-CHIP POR (FAST Vop RISE TIME) 


INTERNAL POR eS OR, | eee eevee ee aera eee PCD Iveee 


i tosT ™ | 
OST TIME-OUT 


eee tC—(“(i‘i RC 


INTERNAL RESET 





FIGURE 13.7 - USING ON-CHIP POR (SLOW Vpn RISE TIME) 


: V1 
Vpp OV i 


MCLR ~ es ee ee 


INTERNAL POR Se 


<—— tost —> 


OST TIME-OUT eee ET lUllltt~—“‘CSsCSsSNC”CS 
INTERNAL RESET ee —t—“—SOS 


When Vo rises slowly, the internal time-out period expires long before VDD has reached its final 
value. In this example, the chip will reset properly if, and only if, V1= VDDMIN. 








DS30219B-page 24 Prel ina i Aa PW © 1994 Microchip Technology Inc. 
2-204 


PIC16CR57A 





14.0 POWER DOWN MODE (SLEEP) 


The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit “PD “ in the STATUS register is cleared, 
the "TO " bit is set, and the oscillator driver is turned off. 
The I/O ports maintain the status they had, before the 
SLEEP command was executed (driving high, low, or hi- 
impedance). 


For lowest current consumption in this mode, all 1/O pins 
should be either at Vp, or Vss, with no external circuitry 
drawing current from the I/O pin. !/O pins that are in the 
High-impedance mode should be pulled high or low 
externally to avoid switching currents caused by floating 
inputs. The RTCC input should also be at Voo or Vss for 
lowest current consumption. 


The MCLR_ pin must be at VIHMC. 


14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
time-out (if itis enabled) or an externally applied “low" 
pulse at the MCLR pin. In both cases the 16CR57A will 
stay in RESET mode for one Oscillator Start-up Timer 
period (triggered from rising edge on MCLR: or WOT 
time-out) before normal program execution resumes. 


The "PD" bit inthe STATUS register, which is set to one 
during power-on, but cleared by the "SLEEP" command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 4.2). 
The TO bit in the STATUS register can be used to 
determine, if the “wake up" was caused by an external 
MCLR_ signal or a Watchdog Timer time-out. 





NOTE: Some applications may require external R/C 

networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
16CR57A will be in RESET only for the oscillator start- 
up timer period. 


FIGURE 15.1 - CONFIGURATION FUSES 


Jer |wore [ori [oro 
ae 
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15.0 CONFIGURATION FUSES 


The configuration ROM consists of four ROM fuses. 


Two are for the selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code 
protection fuse. 


15.1 Customer ID Code 


The PIC16CR57A series has 16 special ROM bits which 
are not part of the normal program memory. These bits 
are available to the user to store an Identifier (ID) code, 
checksum, or other informative data. They cannot be 
accessed during normal program execution. 


15.2 Code Protection 
The program code written into the ROM can be pro- 
tected by programming the code protection fuse with “O". 


When code protected, the contents of the program ROM 
cannot be read out in a way that the program code can 
be reconstructed. 


Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 


15.2.1 VERIFYING A CODE-PROTECTED PART 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
"“O0000000XXXX" (binary) where Xis 1 or 0. To verifya 
device after code protection, follow this procedure: 


a. First, program and verify a good PIC16C57 without 
code protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16CR57A (with this 
program) against this file. 


OT1, OTO: Oscillator selection fuses 

LP 

XT 

HS 

RC 

WDT enabled 
WDT disabled 
Code protection off 
Code protection on 
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16.0 DEVELOPMENT SUPPORT | 


16.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


PICMASTER™ Real-Time In-Circuit Emulator 

PRO MATE™ Universal Programmer 

PICSTART™ Low-Cost Prototype Programmer 
e Assembler | 

-e Software Simulator 


16.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT® class 
ISA-bus. systems through the new 80486 EISA-bus 
machines. The development software runs in the 

Microsoft Windows® 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-interface Card 


e Emulator Control Pod 
e Target-Specific Emulator Probe 
e PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DDE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DDE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., asystem containing a PIC16CXX processor anda 
PIC17CXX processor). | 


16.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vpp and VpP sup- 
plies which allows it to verify programmed memory at 
VDD min and VpD max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXxX devices. It can also set fuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 


5V In-Line 
Power Supply || 90-250 VAC 
(Optional) 


Common Interface Card 
PC Compatible Computer 
(AT/ISA Bus) (for Industry Standard Architecture) 





Power Switch 


Power Connector Interchangeable 


Aux. 


PC—Interface 


PICMASTER Emulator Pod Logic | Yon, 2 
Probes Va AA 


b 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VoD min, VOD max and VPr levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular “programming socket 
module”. Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


16.4 PICSTART™ Programmer 


The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 


16.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


e Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


¢ Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


¢ Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


¢ Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 





¢ Control Directives permit sections of conditionally 
assembled code. 


¢ Macro Directives control the execution and data 
allocation within macro body definitions. 


16.6 Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


16.7 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-1: 


TABLE 16-1: DEVELOPMENT SYSTEM 
PACKAGES 


a ee System Description 


PICMASTER™ | PICMASTER In-Circuit Emulator 
with your choice of Target Probe, 
PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


PICSTART™ Low-Cost Prototype 
Programmer, Assembler, Software 
Simulator and Samples 




















PICSTART™ 
System 


16.8 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER Devices Maximum Operating 
PROBE Supported poets ee Voltage 


PROBE - 16A | PIC16C54, TaMnz | 45V-55V | 4.5V - 5.5V 
PIC16C55, 
PIC16C56, 


‘and PIC16C57 


PROBE - 16D ; PIC16C54, 4.5V - 5.5V 
PIC16C55, 
PIC16C56, 
PiIC16C57, 


and PIC16C58 
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17.0 ELECTRICAL CHARACTERISTICS *Notice: Stresses above those listed under "Maximum Ratings" 

| may cause permanent damage to the device. This is a stress 
17.1 Absolute Maximum Ratings* rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 


Ambient temperature under bias........-55°C to +125°C ; ten teat eo) | 
of this specification is not implied. Exposure to maximum rating 


Storage Temperature Su cake aeons - 65°C to +150°C conditions for extended periods may affect device reliability. 
Voltage on any pin with respect to Vss 

(except Vop, MCLR and RT)........ -0.6V to VoD +0.6V Notes: 1. Total power dissipation should not exceed 800 
Voltage on Vobd with respect to VSs............... 0 to +7.5V mW for the package. Power dissipation is 
Voltage on MCLR: and RT with respect to Vss calculated as follows: 

(INGLG 2) ocsetete Seacai cheek ite tes tecatheienddeeace: Oto+14V Pdis = Vop x {IDD - 2 loh} + X {(VoD-Voh) x loh} 
Total power Dissipation (Note 1) ..........ccc0 800 mW + X(Vol x lol) 

Max. Current out of VSS Pin ................cscceeeeeees 150 mA 

Max. Current into VOD Pin .............ssscccseeesesees 100 mA 


Input Clamp Current, lik (Vi<0 or Vi>VDD) ...... +20 mA 
Output Clamp Current, lok (Vo<0 or Vo>VpD) +20 mA 
Max. Output Current sinked by any I/O pin....... 25 mA 
Max. Output Current sourced by any I/O pin .... 20 mA 
Max. Output Current sourced by a single 


VO DOR: FROM A ciivasersauyesaetsesed-vnieutectecephccepaabes 50 mA 
Port B or Port C.........ceseceescecesssseceees 100 mA 

Max. Output Current sinked by a single 

VO port Port A ..cecccecsscessssscssssesssessesesteeen 50 mA 
Port B OF Port Cs ccscscccecoeeeicecasteeauects 100 mA 


TABLE 17.1 - PIN DESCRIPTIONS 


[Name _|_ Function =| Observation 


RAO - RA3 1/0 PORTA 4 input/output lines. TTL input buffers. 
RBO - RB7 /O PORT B | 8 input/output lines. TTL input buffers. 
RCO - RC7 1/0 PORT C 8 input/output lines. TTL input buffers. 


RTCC 


_ 
OSC1/CLKIN Oscillator (input)/External 


Clock Input 
OSC2/CLKOUT 
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Real Time Clock/Counter 





Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Vpo if 

not in use to avoid unintended entering of test modes and to 
reduce current consumption. 























Schmitt Tri ger Input. 
A "Low" voltage on this input generates a RESET condition. 


A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to VoD. 
"XT", "HS* and "LP" devices: Input terminal for crystal, 
ceramic resonator, or external clock generator. 

"RC" devices : Driver terminal for external RC combination 
to establish oscillation. 
For "XT", "HS" and "LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to this 
output. Leave open if external clock generator is used. 

For “RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin. 























Oscillator (output) 









PIC16CR57A 





17.2 DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
= PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions 
DC CHARACTERISTICS, Operating temperature -40°C < TA< +125°C for automotive, 


POWER SUPPLY PINS -40°C < TA < +85°C for industrial and 


0°C < TA < +70°C for commercial 


XT, RC and LP options 
HS option 





Vop start voitage to 
guarantee power on reset 
Voop rise rate to guarantee 
power on reset 

Supply Current (Note 2) 


2 = 20 MHz, Vobd = 5.5V 
Be option, Commercial 

Fosc = 32 KHz, VoD = 3.0V, WDT disabled 

LP option, Industrial 

Fosc = 32 KHz, Vobd = 3.0V, WDT disabled 
Power Down Current 
(Note 4) 
WDT enabled Vpp = 3.0V, Commercial 

VopD = 3.0V, Industrial 

WDT disabled Y. Vob = 3.0V, Commercial 

Vop = 3.0V, Industrial 





guidance artly and is Mot teSted for, or guaranteed by Microchip Technology. 

Note 2: The supply dyrrent/s mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillater type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 

a) The test conditions for all lb>D measurements in active operation mode are: 


OSC 1=external square wave, from rail to rail; all 1/O pins tristated, pulled to VoD, RT=Vop, MCLR =Vpp; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VDD and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vobp/2Rext (mA) with Rext in kOhm. 
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17.3 DC CHARACTERISTICS: PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 














__ Standard Operating Conditions © 
~ Operating temperature -40°C < Ta < +125°C for automotive, © 
7s -40°C < TA < +85°C for industrial and 


DC CHARACTERISTICS, 
POWER SUPPLY PINS 





0°C < TAS +70°C for commercial - 


units Conditions 


XT, RC and LP options 















Device in SLEEP mode 
Z\ 


See section 13.1 for Wetails on power on 
reset : | 


¢, 








Vop start voltage to 
guarantee power on reset 












Option, Industrial 
32 KHz, VoDd=2. 





Power Down Current 
(Note 4) 
WDT enabled 










Vpb = 2.5V, Commercial 
Vop = 2.5V, Industrial 

Vpb = 2.5V, Commercial 
VbDD = 2.5V, Industrial 









WDT disabled 


afsquare wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT=Vop, MCLR =Vop; WDT 

enabled/disabled as specified. _ ; | | 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. 

Note 4: _ The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vob/2Rext (mA) with Rext in kOhm. | | 
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17.4 DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 


DC CHARACTERISTICS, Standard Operating Conditions 


ALL PINS EXCEPT POWER SUPPLY Operating temperature -40'C <TAS +85'C for industrial and 
0°C < TAs +70°C for commercial 


Characteristic Typ Conditions 
(Note 1) 


Input Low Voltage 

I/O ports 0.2 VoD 
MCLR (Schmitt trigger) 0.15 Vop 
RTCC (Schmitt trigger) 0.15 VoD 
OSC1 (Schmitt trigger) 0.15 VoD 
OSC1 0.3 VDD 


input High Voltage 

I/O ports 0.45 Vpp DD (Note 6) 
2.0 4 DD < 5.5 V (Note 6) 
0.36 Vppb . 

MCLR (Schmitt trigger) 0.85 Vop 

RTCC (Schmitt trigger) 0.85 Vpp 

OSC1 (Schmitt trigger) 0.85 Vpp RC option only (Note 5) 

OSC1 0.7 VDD XT, HS and LP options 


Input Leakage Current 4 = For Vop <5.5V 
(Note 4) 
I/O ports S Vss < VPIN < VDD, 


Pin at hi-impedance 
MCLR VPIN = Vss + 0.25V (Note 3) 
MCLR S VPIN = VoD (Note 3) 
RTCC Vss < VPIN < VoD 
OSC1 . Vss < VPINS VDD, 

XT, HS and LP options 
Output Low Voltage 
I/O Ports : loL = 8.7 mA, VDD = 4.5V 
OSC2/CLKOUT | : lo. = 1.6 mA, VDD = 4.5V 
(RC option only) 


10H = -5.4 MA, VDD = 4.5V 
IOH = -1.0 mA, VoD = 4.5V 





Note 1: Datain the colimn labeled "Typical" is based on characterization results at 25 ° C. This datais for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 
Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 





Note 3 : The leakage current on the MCLF_ pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16CR57A be 
driven with external clock in RC mode. 

Note 6: The user may use better of the two specifications. 
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17.5 AC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 

| PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 






















AC CHARACTERISTICS Standard Operating Conditions 
| Operating temperature -40°C < Ta<+85°C for industrial and 


0°C < TA < +70°C for commercial 
Characteristic 


External CLOCKIN 
Frequency (Note 2) 











Oscillator Frequency 
(Note 2) 





Instruction Cycle Time 
(Note 2) 






HS mode (Note 5) 
LP mode 








External Clock in Timing 
(Note 4) 

Clock in (0SC1) High or Low Time 
XT oscillator type 

LP oscillator type 

HS oscillator type 

Clock in (OSC1) Rise or Fall Time 
XT oscillator type 

LP oscillator type 


Yr 50* 
HS oscillator type ik @ pet FD ns 


[MIR Pusewan ow) aK) beset oases! 
MCLR Pulse Width (low) ¢ IMGY /|AQ6 

RTCC Input Timing, No Prescale / 

RTCC High Pulse Width / oR 0.5 Tcy+ 20* Note 3 

RTCC Low Pulse Width LTrtb 0.5 Tcy+ 20* 


RTCC Input Timing, Wi 
RTCC High Pulse Wig 
RTCC Low Pulse Wis 
RTCC Period 









TCKHLXT 
TCKHLLP 
TCKHLHS 





































Note 3 
Note 3. Where N = prescale 
value (2,4, ..., 256) 









Watchdog Timer Timeout Period 
(No Prescaler) 


Oscillation Start-up Timer Period | Tost | 9* == = | 18* ~~ | 30* | ms | Voo=5.0V 


* Guaranteed by characterization, but not tested. (Cont. on next page) 
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17.5 AC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
(Cont.) PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 

PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions 
Re CHDDACIEnIS lite Operating temperature -40°C < TA< +85°C for industrial and 


0°C < TA < +70°C for commercial 






Characteristic Conditions 





VO Timing 

I/O pin input valid before 
CLKOUTT (RC Mode) 

/O pin input hold after 
CLKOUTT (RC Mode) 

/O pin output valid after 
CLKOUTJ (RC Mode) 

/O pin input valid before OSCT 
(/O setup time) 

OSC1T to I/O pin input valid 
(I/O hold time) 

OSC1T to /O pin output valid 
OSC1T to CLKOUT low 
OSC1T to CLKOUT high 

I/O pin input valid before CLKOUT high 
CLKOUT iow to I/O valid 






TioV20sH 
TosH2ioL 









Vpp = 5.0V 























Vop = 5.0V 
Vop = 5.0V 
Vop = 5.0V 
Vop = 5.0V 
Vop = 5.0V 


TosH2ioV 
TosH2ckL 
TosH2ckH 
TioV2ckH 
TckL2ioV 













CLKOUT rise time TckR Vop = 5.0V 
CLKOUT fall time TioF Vop = 5.0V 
I/O pin output rise time TioR Vop = 5.0V 
I/O pin output fall time Jive Vop = 5.0V 
Capacitive Loading Specs on Output Pins oa 


OSC2 pin 


All VO pins and OSC2 (in RC pe)» 
/_) 


7 
* Guaranteed by charactegi a 
Note 1. Datain the colGran labelsd “Typical” is based on characterization results at 25°C. This data is for design guidance 


only and isoot tested for, or guaranteed by Microchip Technology. 

Note 2. Instruction cydle period (Tcy) equals four times the input oscillator time base period. 
Allspecified valués are based on characterization data for that particular oscillator type under standard operating 
conditions with the device executing code. Exceeding these specified limits may result in an unstable oscillator 
operation and/or higher than expected current consumption. All devices are tested to operate at "min." values 
with an external clock applied to the OSC1 pin. | 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 

Note 3. For a detailed explanation of RTCC input clock requirements see section 4.2.1. 

Note 4. Clock-in high-time is the duration for which clock input is at VIHOSC or higher. 
Clock-in low-time is the duration for which clock input is at VILOSC or lower. 

Note 5. This HS specification is only for the -20 device. The -10 device has a maximum of 10 MHz and the -04 device 
has a maximum of 4 MHz. 





In XT, HS or LP modes when 
external clock is used to drive 
OSC1 


BY 
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17.6 Electrical Structure of Pins FIGURE 17.2- ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 


FIGURE 17.1 - ELECTRICAL STRUCTURE OF 
Bees VO PINS (RA, RB, and RC) 


Schmitt trigger 


Input buffer 





Notes to Figures 17.1 and 17.2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri- 
cal overstress). Rin is a small resistance to further protect the 
input buffer from ESD. 
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18.0 TIMING DIAGRAMS 
FIGURE 18.1 - RTCC TIMING 





FIGURE 18.2 - OSCILLATOR START-UP TIMING (RC mode) 


wan SiMe : 
MCLR —————  TCY ————_» + —_____ TCY 


' 
eg 


i ee 
TOST T1 


T1 


CLKOUT 


' 
DEVICE —————— RESET —————— FETCH 1. INSTRUCTION 1 FETCH 2. INSTRUCTION 


i] 4 
EXECUTE "FORCED" NOP | pexeCure st: INSTRUCTION 
FUNCTION 





FIGURE 18.3 - INPUT/OUTPUT TIMING FOR I/O PORTS 


CLKOUT 


TosHZiov TosH2ioV a 


VO Pin 
(output) old value new value 


he. aa 


‘ TITTIES a MTATITTTTT 
es 


Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only in RC oscillator mode 
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19.0 DC & AC CHARACTERISTICS GRAPHS/TABLES 





NOT AVAILABLE AT THIS TIME 
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20.0 PACKAGING DIAGRAMS AND DIMENSIONS 


| See Section 11 of the Data Book. 


20.1 Package Marking Information 





28L SOIC Example 


MMMMMXX 
XXXXXXXKXXKKXXXXKKXKKK 


PIC16CR57A-XT/SO 


AS aaBB CDE AS\ 9351 cBK 





28L PDIP (.300 mil) Example 


XXXXXXXXXKXKXXKXXK 
XXXXXXXXXXXXXXX 


AS\ AABB CDE 


PIC16CR57A 
RCI/P456 


ENN) 9323 CBA 





28L SSOP Example 


PIC16CR57A-XT 





© 9325 cBK 


28L PDIP (.600 mil) Example 


XX PICL6CRS7A 
MMMMMMMMXX XXX XX XTI/P126 
XXKKXHAKXXHHKXK( C) C) 


U\\ one CDE ANS parce CDA 
MicrecHip O MicRocHP 


MM...M_ Microchip part number information 

XX...X Customer specific information” 

AA Year code (last 2 digits of calendar year) 

BB Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 





*Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are incuded in QTP price. 
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WD TOCALONS sssaxecice a civee Ses sesetasnieatceceewedunddesteaisveetees 25 
Indirect addressing ..............s.sssssssccececcesssssenseceessesseoes 6 
IISUIUIGCHION SOU rccicassseetcnnasusaesacsal se scecascaseuckuvecestes 18,19 
OPTION TeGiSter sic veccccsscccecensssstincemsieurntansaanccainiees 17 
OSCINAION sccisnss: czeicesevnspuceceycsaasesssteveneseenantaeances 20-22 
Oscillator Start-up Timer ..............scsccssseeesssseesereeeees 22 
OTP GOVICES ocgisvcenststicascdaica cee vexieaieessesuandet inion ane 6 
Package information ................sssecccsssseeeeesssssseeenseees 37 
Page select (Program MeMoOry) ............sseesceeeeees aor a 
PDD DID Seessvatansecesance cassnscnetas sesbeiensteat supe eueancueant 11,12 
Pin-OUut INfOrMNATION ...............ecsessseeceecccecesnsssneeeeees 1,28 
Power Down mode (SLEEP) .............sscccsssssssseeeteees 25 
POWGI-ON FRROSGU ei ssciscccisassccdceiseusvevucjendesseceseases: 22-24 
Prescaler (RT CC/WDT) ..............sseseseeceeccsesssssees 15,16 
Program Count’ ...........cccccsscsseseeseceseecsedenenesseneeees 9,10 
Program MEMOFy MAP ..............ccssesesssseccceceeeeeeeeetees 10 
Programming information ..............sccsccsssssssssreeeseens 26 
QUE GOVICOS occ aaseitacisecsaltesevcuscudician ssaseans ee onaeacsetes 6 
Real Time Clock/Counter (RTCC)................ 8,9,17,18 
REESE D gisieticcacicesicies nn aateamasdes abe A oetsa, 17 
SUB EP oui cdicusescuvantiedeastavesasteleicatarcseoeveasaiettess ional 25 
SEAGK oiiens cccae dal dates ceandutuens os naueeciyoracnsseesansictsnsecuiasaacia cine 9 
Status reQister ..........ccsscscsseseessssseceeeees eect ested gece 9 
Timing diagrams | 
WO DUN sec irninsaeesesswees esseae tencsesaces casanacevegaeuee 14,35 
Oscillator Start-up timing...............cssssesscseeeeeenes 35 
Power On ReSet...........sssssssssserescesssssressserees 23,24 
RTI CC tii ...........csseseeeceseseeecesteatsateneecenes 6,7,34 
TO isasc ei eecavcercteictecesdseent aussie i ocdaenesse auras 10 
TRUS EGISIONS -ocdissssaceccccsstascasucccderesceusieceasuetedentas 15 
UV Erasable deVICES ...........csccccssssssccceesssseccesssceeees ens 5 
WY TOQISIOD ac5 voce ccs scscesentevaoanesnsedanseeSinactenaueeeencdeetastat 15 
WP sscefencisswrstatesteteuenat arena ane: 20 
DS30219B-page 38 Pp rel iin fi Nal FW © 1994 Microchip Technology Inc. 


2-218 


PIC16CR57A 





CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 


NETWORK<ENTER> and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 


PICMASTER, PRO MATE and PICSTART are trademarks of 
Microchip Technology Incorporated. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe Inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16CR57A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. -XX X XX XXX 


Pattern: 3-Digit Pattern Code for QTP (factory specified) 
4 (blank for OTP and Windowed Parts) Examples: | 
Package: | P = PDIP (300 or 600 mil) a) PIC16CRSZA - 04/P301 
SO = SOIC (Gull Wing, 300 mil body) = Commercial temp., 
SS = SSOP (209 mil) PDIP package, -_ 
4 Miz, standard V Dp limits, 
. : QTP pattern # 301 
Mey c . pp Ld pace b) PICI6LCRS7A - 041/SO0495 
= Industrial temp., 
4MHz SOIC package, 
10 MHz 4 MHz, extended V bb limits 
20 MHz C) PIC16CRS7A - 201/P351 
; = Industrial temp., 
PIC16CR57A_: Standard Vop range PDIP package, 
PIC16LCR57A: Extended Vop range 20 MHz, standard VDD limits 





ales and Su rt 











Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP P | C 1 6 C64 


____40-Pin EPROM-Based 8-Bit CMOS Microcontroller __ 


FEATURES PACKAGE TYPES 
High-performance RISC-like CPU 





¢ Only 35 single word instructions to learn PDIP, 
¢ All single cycle instructions (200ns) except for pro- Windowed 
gram branches which are two-cycle CERDIP 


Operating speed: DC - 20 MHz clock input 
DC - 200ns instruction cycle 
14-bit wide instructions and 8-bit wide data path 
2048 x 14 on-chip EPROM program memory 
128 x 8 general purpose registers (SRAM) 
Interrupt capability | 
33 special function hardware registers 
Eight-level deep hardware stack 
Direct, indirect and relative addressing modes 
Peripheral Features 
¢ 33 I/O pins with individual direction control 
¢ High current sink/source for direct LED drive 
e One pin that can be configured as capture input, 
PWM output, or compare output 
- Capture is 16-bit, max resolution 200ns 
- Compare is 16-bit, max resolution 200ns 
- PWM resolution is 1- to 10-bit. 8-bit resolution gives 
80 KHz maximum frequency and 10-bit resolution RAA/TOCK! —» Cf 7 
gives 20 KHz maximum frequency RAS/SS 
e TMR1: 16-bit timer/counter (time-base for capture/ 
compare) 
e TMR2: 8-bit timer/counter with 8-bit period register 





V9D9LOId 


331 ++ RD7/PSP7 


(time-base for PWM), prescaler and postscaler 321 RDG/PSPE 


e * R-hit ti i -hi 31 «+» RD5/PSP5 
TMRO: 8-bit timer/counter with 8-bit programmable ide eacnde teit 


prescaler 
e Parallel Slave Port (PSP): 8-bit wide, with external 
RD, WR and CS controls (microprocessor bus inter- 
face) 
Synchronous serial port (SSP) with two modes of 
operation: 
- 3-wire SPI 
- 2C™/ACCESS.bus™ compatible 
Special Microcontroller Features 
¢ Power-On Reset (POR) 
Power-up Timer (PWRT) 
Oscillator Start-up Timer (OST) 
Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 
Security EPROM fuses for code-protection | 
Power saving SLEEP mode S ass acaisosarrion 
e EPROM fuse selectable oscillator options: 
(RC oscillator, Standard crystal/resonator, High-speed 
crystal/resonator, Low frequency crystal) 
¢ Serial in-system programming (via two pins) 
CMOS Technology 56 
e Low-power, high-speed CMOS EPROM technology 23 FIL 1+-+ RA4/TOCK! 
e Fully static design 
e Wide-operating voltage range (2.5V to 6.0V) 
¢ Commercial, Industrial, and Automotive Temp. Range 
e Low-power consumption 
- <2mA @ 5V, 4 MHz 
- 15pA typical @ 3V, 32 KHz 
- < 1pA typical standby current 
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1.0 GENERAL DESCRIPTION 


The PIC1 6C64 is the first 4- pin member of the versatile 
PIC16CXX family of low-cost, high-performance, CMOS, 
_ fully static, EPROM-based 8-bit microcontrollers. 


All PIC16CXX microcontrollers employ an advanced 
RISC-like architecture. The PIC16CXX has enhanced 
core features, 8-level deep stack, and multiple internal 
and external interrupt sources. The separate instruction 
and data buses of the Harvard architecture allow a 14- 


bit wide instruction word with the separate 8-bit wide 


data. The two stage instruction pipeline allows all 
instructions to execute in a single cycle, except for 
program branches (which require two cycles). A total of 
35 instructions (reduced instruction set) are available. 
Additionally, a large register set gives some of the 
architectural innovations used to achieve a very high 
performance. PIC16CXX microcontrollers typically 
achieve a 2:1 code compression and a 4:1 speed 
improvement over other 8-bit microcontrollers in its 
class. 


The PIC16C64 has 128 bytes of RAM and 33 I/O pins. 
In addition, the PIC16C64 adds several peripheral fea- 
tures useful in many high performance applications 
including; three timer/counters, capture, compare, PWM 
features and serial ports. The synchronous serial port 
can be configured as either a 3-wire SPI or |?C. An 8-bit 
Parallel slave port is also provided. 


The PIC16C64 has special features which reduce exter- 
nal components, thus reducing cost, enhancing system 
reliability and reducing power consumption. There are 
four oscillator options, of which the single pin RC oscil- 
lator provides a low-cost solution, the LP oscillator 
minimizes power consumption, XT is a standard crystal, 
and the HS is for High-Speed crystals. The SLEEP 
(power- down) mode offers power saving. The user can 
wake up the chip from SLEEP through several external 
and internal interrupts and reset. 


A highly reliable watchdog timer with its own on-chip RC 
oscillator provides protection against software malfunc- 
tion. : | 


AUV-erasable cerdip-packaged version is ideal for code 
development while the cost-effective One Time Pro- 
grammable (OTP) version is suitable for production in 
any volume. “ : 


Table 1-1 shows the features of the PIC16C64 as wellas 
the other members of the PIC16CXX enhanced core 
family. 


A simplified block diagram of the PIC16C64 is shown in 
Figure 3-1. 


The PIC16C64 fits perfectly in applications ranging from 
high speed automotive and appliance motor control to 
low-power remote sensors, keyboards and telecom 
processors. The EPROM technology makes customiza- 
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages for through 
hole or surface mounting make this microcontroller 
series perfect for all applications with space limitations. 
Low-cost, low-power, high performance, ease of use 
and I/O flexibility make the PIC16C64 very versatile 
even in areas where no microcontroller use has been 
considered before (e.g. timer functions, replacement of 
“glue” logic in larger systems, co-processor applica- 
tions). : 


ibili 

Those users familiar with the PIC16C5X family of micro- 
controllers will realize that this is an enhanced version of 
the PIC16C5X architecture. Please refer to Appendix A 


for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to PIC16CXX family of 


Family an ward Com 


_ devices (see Appendix B). 


1.2 Development Support 


The PIC16CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
production quality programmer. A "C* compiler and 
fuzzy logic support tools are in development. 
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TABLE 1-1: PIC16CXX FAMILY OF DEVICES 


PT pictecza¢ | picteces | piciec7it | Pici6ceat 


External Interrupts 


Interrupt Sources 


Program Memory Code Protect 


/O High Current Capability 


40-pin DIP, ‘ IP, | 18-pin DIP 
Package Types 44-pin PLCC, 18-pin SOIC | 18-pin SOIC 
44-pin PQFP , 





t For information on these devices please refer to their respective data sheets. 
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2.0 PIC16C64 DEVICE VARIETIES 


A variety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the “PIC 16C64 Product Iden- 
tification System” on the back page of this data sheet to 
specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes etc. Microchip's 
PICSTART™ and PRO MATE™ programmers supports 
programming of the PIC16C64. 


2.2 One-Time-Programmable (OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 7 


The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the 
program memory, the configuration fuses must be pro- 
grammed. 


2.3 Quick-Turnaround-Production (QTP 


Devices 


Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. 


2.4 Serialized Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
a few user defined locations in each device are pro- 
grammed with different serial numbers. The serial 
numbers may be random, pseudo-random or sequen- 
tial. 


Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
iD number. 


3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16CXX family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16CXX uses a Harvard architecture, in which, 
program and data are accessed from separate memo- 
ries. This improves bandwidth over traditional Von- 
Neuman architecture where program and data are 
fetched from the same memory. Separating program 
and data memory further allows instructions to be sized 
differently than 8-bit wide data word. Instruction op- 


codes are 14-bit wide making it possible to have all 


single word instructions. A 14-bit wide program memory 
access bus fetches a 14-bit instruction in a single cycle. 
A two-stage pipeline overlaps fetch and execution of 
instructions (see Figure 3-1). Consequently, all instruc- 
tions (35) execute in a single cycle (200ns @ 20 MHz) 
except for program branches. 


The PIC16C64 addresses 2K x 14 program memory 
space, allon-chip. Program execution in microcontroller 
mode is internal only. | 


The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function 
registers including the program counter are mapped in 


the data memory. The PIC16CXX has a fairly orthogonal 


(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad- 
dressing mode. This symmetrical nature and lack of 
‘special optimal situations’ make programming with the 
PiIC16CXX simple yet efficient. In addition, the learning 


curve is reduced significantly. 


The PIC16CXX device contains an 8-bit ALU and work- 
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions be- 
tween data in the working register and any register file. 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register). The other 
operand is a file register or an immediate constant. In 
single operand instructions, the operand is either the W 
register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits inthe STATUS register. The C and DC bits 
operate as a borrow out bit in subtraction. See the 
SUBLW and SUBWF instructions for examples. 


A simplified block diagram is shown in Figure 3-1, witha 
description of the device pins in Table 3-1. 
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FIGURE 3-1: PIC16C64 BLOCK DIAGRAM 


13 Data Bus <8> 
<== Program Counter_ 


EPROM 
Program 
Memory 
2K x 14 


RAM 
File 
Registers 
128 x8 


8 Level Stack 
(13 bit) 


Program 
Bus <14> 


Instruction Reg. 


| Direct Addr <7> | 
STATUS Reg 
3 _ 


Power-on 


Reset 
i [wre 
Timer 


Be 


MCLR_ VoD, Vss 


: Timer1, Timer2 
TimerO , ' 


Power-up 
Timer 


Oscillator 
Start-up Timer 


Instruction 
Decode & K—> 
Control 


Timing 
Generation 


Sync. Serial Port 


t Higher order bits are from STATUS register. 


= 


X]} RAO-RA3 


SZ] RA4/TOCKI 


S| RAS/SS 


S<] RBO/INT 


<><] RB1-RB7 


Sq] RCO/T1CKI 
ae RC1/T1CKO 
\/ 

{| RC2/CCP1 
ms 
B x] RC3/SCK/SCL 
S<] RC4/SDI/SDA 
S<] RC5/SDO 


<X] RC6-RC7 


RDO-RD7/ 
PSPO-PSP7 


j 


xX 


Sq] REO/AD 
Sq] REV/WR 


5d] RE2/CS 


= e=— 
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TABLE 3-1: PIC16C64 PINOUT DESCRIPTION 
Pin 


PLCC | PQFP| I/O/P gon Description 
No. | No. | Type 


OSC1/CLKIN faa] 14 | CMOS | Oscillator crystal Rpuveniemel clock source input. 


OSC2/CLKOUT | 14 pote pelo stal output. Connects to crystal or resonator in 
: stal oscillator mode. In RC mode, OSC2 pin outputs 
fever fa 


RAO 
RA1 
RA2 
RA3 
RA4/TOCKI 


RAS/SS 























C KOUT which has 1/4 the frequency of OSC1, and denotes 
the instruction cycle rate. 


18 | W/P ST Master clear (reset) input/programming voltage input. This 
pin is an active low reset to the device. 





PORTA is a bidirectional I/O port. 


Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 


Can also be the slave select for the synchronous serial 
port. 


PORTB is a bidirectional /O port. Port B can be software 
programmed for internal weak pull-up on all inputs. 


N Oo Hn f& @D© ND 


oN OM fk OO 







RBO/INT 
RBI 
RB2 

RBS 
| RBA 
RBS 
RBG 
RB7 


RBO/INT can also be selected as an external interrupt pin.; 










Interrupt on change pin. 
Interrupt on change pin. 
Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data. 


19 
20 
21 
22 
23 
24 
PORTC is a bidirectional I/O port. 


RCO/TOOSO 15 16 32 //O ST RCO/T1CKI can also be selected as a Timer1 clock/ 
/TiCKIi oscillator input. 


RC1/TOOSI 16]; 18 | 35 | VO ST drat 1CKO can also be selected as a Timer1 oscillator 
outpu | 

RC2/CCP1 17} 19 | 36 | VO ST RC2/CCP1 can also be selected as a capture1 input/ 
compare output/PWM1 output. 

RC3/SCK/SCL | 18; 20 {| 37 | WO ST RC3/SCK/SCL can also be selected as the synchronous 
serial clock for both SPI and IC modes. 

RC4/SDI/SDA | 23} 25 | 42 | I/O ST RC4/SDI/SDA can also be selected as the SPI Data In 
(SPI mode) or data 1/O (I?C mode). 

RC5/SDO 24) 26} 43 ; W/O ST Soe can also be selected as the SPI Data Out (SPI 
mode). 

RC6 25| 27 | 44 | VO ST 

RC7 26} 29 1 /O ST 

Legend: {= input, O = output, I/O = input/output, P = power; (Cont.) 


— = Not used, TTL = TTL input, ST = Schmitt trigger input 
t This buffer is a Schmitt triger input when configured as the external interrupt. 


¢ This buffer is a Schmitt Trigger input when used in serial programming mode. . 
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TABLE 3-1: PIC16C64 PINOUT DESCRIPTION (CONT.) 


Description 


PORTD is a bidirectional I/O port or parallel slave port for 
RDO/PSPO interfacing to a microprocessor bus. 
RD1/PSP1 
RD2/PSP2 
RD3/PSP3 
RD4/PSP4 
RD5/PSP5 
RD6/PSP6 


RD7/PSP7 





Bidirectional 1/O pin or read control for parallel slave port. 


Bidirectional I/O pin or write control for parallel slave port. 


Bidirectional 1/O pin or select control for parallel slave port. 


Ground reference for logic and I/O pins. 
Positive supply for logic and I/O pins. 


These pins are not internally connected. These pins should 
be left unconnected. 


Legend: | = input, O = output, 1/0 = input/output, P = power; 
— = Not used, TTL = TTL input, ST = Schmitt trigger input 
§ This buffer is a Schmitt trigger input when configured as general purpose !/O and a TTL input when 
used in the parallel slave port mode (for interfacing to a microprocessor bus). 
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3.1 Clocking Scheme/Instruction Cycle 


The clock input (from pin OSC1) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, the PC is 
incremented every Q1, the instruction is fetched from 
the program memory and latched into the instruction 
register in Q4. The instruction is decoded and executed 
during the following Q1 through Q4. The clocks and 
instruction execution flow is shown in Figure 3-2. 


FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 


PC 
(Program Counter) 
OSC2/CLKOUT i 


(RC Mode) 
Fetch INST (PC) 


. 3.2. Instruction Flow/Pipelining 


An “Instruction Cycle” consists of four Q cycles (Q1, Q2, 


_ Q3 and Q4). The instruction fetch and execute are 


pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. fr & 


In the execution cycle, the fetched instruction is latched 
into the “Instruction Register (IR)” in cycle Q1. This 
instruction is then decoded and executed during the Q2, 
Q3 and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination write). 


‘ 
Execute INST (PC-1 Fetch INST (PC+1 
, Execute INST (PC) Fetch INST (PC+2) 


EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 





Execute INST (PC+1) 


a Fetch 
PORTS [Fetch | Execute 2 


SUB_1 
PORTA, BIT3 


Fetch3 | Execute3 | 


All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION FIGURE 4-2: REGISTER FILE MAP 


Program Mem raganiz 


The PIC16C64 has a 13-bit program counter capable of 


addressing an 8K x 14 program memory space. Only the Indirect addr.(*) | Indirect addr.(*) 

first 2K x 14 (0000h - 07FFh) are physically imple- OPTION 

mented. Accessing a location above 7FFh will cause a [ opcetCédTsC PCS 
FSR 


wrap-around within the first 2K x 14 space. The reset 
STATUS STATUS 


PCL 
vector is at 0000h and the interrupt vector is at 0004h | status | status | 
(see Figure 4-1). | FSR | FSR 

PORT A TRISA 


FIGURE 4-1: PROGRAM MEMORY MAP 
ican 
| oPIRt =| PED 


[recon [Pre 





CALL, RETURN 
RETFIE, RETLW 


Stack Level 1 


Stack Level 8 
Reset Vector 


Interrupt Vector 


On-chip 
Program 
Memory 


User Memory 


| 


Configuration Fuses” 


* In Test Program Memory Space 


Test Memory 
<— Space —»> 





4.2 Data Memory Organization General 
: : Purpose 

The data memory (see Figure 4-2) is composed of the Register 

general purpose register file and the special registers. General 

The data memory extends up to 7Fh. The first 32 Purpose 


locations are used to map special function registers. Register 
Locations 20h - 7Fh (Bank 0) and AOh-BFh (Bank 1) are 
general purpose registers implemented as static RAM. 
There are two register file page select bits inthe STATUS 
register allowing selection from up to four Banks. Some 
special function registers are mapped in Bank 1. 


4.2.1 GENERAL PURPOSE REGISTER FILE 


The register file, in PIC16C64 is organized as 128 x8. It 
is accessed either directly or indirectly through the file 
select register FSR. 


Bank 0 Bank 1 


* Nota physical register 
2) Unimplemented data memory locations; read as 'O's 
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4.2.2 SPECIAL FUNCTION REGISTERS: , The special registers can be classified into two sets. The 

ie | special registers associated with the "core" functions are 
described in this section. Those related to the operation 
of the peripheral features are described in the section of 
that peripheral feature. 


CPU and Peripheral functions for controlling the desired 
operation of the device (see Table 4: -1). These registers 
are static RAM. 


TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C64 
Address _| Name | pity, | sits | sits | Bita | Bits | Bit2 | Biti | 


Bank 0 
oot 

















Addressing this location uses contents of FSR to address data memory 
(indirect Address) (not a physical register) 


TimerO 


2 
5 
PY “hh 











02t PCL Program Counter's (PC's) Least Significant Byte 
STATUS Ai] po | To | POU] zh] he CU 
Indirect data memory address pointer 
| 05 | PORTA si PortA Data Latch where written to PortA pins when read 
| 06 | PORTB | PortB Data Latch where written to PortB pins when read 
PortC Data Latch where written to PortC pins when read 
| 08 | PORTD ~~ | PortD Data Latch where written to PortD pins when read 
| 09 |PORTE | PortE Data Latch where written to PortE pins when read 
Buffered Register for the upper 5 bits of the Program Counter (PC) 
Post fnTcoN—s|—SGIE—|SPEIE | ATIE | INTE | ABIE | ATIF | NTF | AGIF 
a a a a 






TMRIL Timert Least Significant Byte | | 


Timer1 Most Significant Byte 


TICON a TiCKPs1 | TICKPSO | TIOSCEN | T1INSYNC | TMRICS | TMRION 
| = — | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO 


Synchronous Serial Port Receive Buffer/Transmit Register . 


| wceot | sspov | ssPen | cKP_ | sspm3 | sspM2_| SSPM1_| 


Capture/Compare/Duty Cycle Register (LSB) 


| 16 | CCPR1H Capture/Compare/Duty Cycle Register (MSB) 
=< CCP1CON —— lL —— ccpix | ccpiy | ccpim3 | ccPim2 | ccPim1 | CCP1Mo 
















——E this location uses contents of FSR to address data memory 
(Indirect Address) (not a physical register) 


OPTION [meu | repo | Ars | Ave | Psa | ps2 | psi_| ps0 


PCL Program Counter's (PC's) Least Significant Byte 
ee pore | ro {| pe | z | wo |] c 

| Indirect data memory address pointer 

TRISA PortA Data Direction Register 

TRISB PortB Data Direction Rega 

TRIS 

TRISD PortD Data Direction Register 
a = 
Shadow Register for the upper 5 bits of the Program Counter (PC) 
| eet intcon, | GE | PEIE | TIE | NTE | BIE | ATIF | NTF 
SS A MP OL SS 


aE : 
A 








etna 





STATUS 
















Tt IE 








Le and: _—= Unimplemented locations, Read as 'O' 
t These registers can be addressed from either bank. 
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4.2.2.1 STATUS Register It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 
For other instructions, affecting any status bits, see the 
"Instruction Set Summary". 


The STATUS register contains the arithmetic status of 
the ALU, the RESET status, and the page preselect bits 
for data memory. 


The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis- 
ter is the destination for an instruction that affects the Z, 
DC orC bits, then the write to these three bits is disabled. 
These bits are set or cleared according to the logic. 


Furthermore, TO and PD bits are not writable. There- 
fore, the result of an instruction with the STATUS regis- 
ter as destination may be different than intended. 


Forexample, CLRF STATUS willclearthe upperthree bits 
and set the Z bit. This leaves the status register as 
QOO0UU1UU (where U = unchanged). 





FIGURE 4-3: STATUS REGISTER 


| RW RW RW Register: STATUS ' Readable & writable 

[ef eps] ete] | Address: 03h or 83h Read only 

Reset value: 000?7?XXX 4 Unimplemented, 
TO, PD are set or cleared specially read as '0' 


C: Carry/dorrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the most significant bit of the result occurred. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

0= No carry-out from the most significant bit of the result. 

Note: For Borrow the polarity is reversed. 


DC: Digit carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the 4th low order bit of the result occurred. 
O= No carry-out from the 4th low order bit of the result. 

Note: For Borrow the polarity is reversed. 


Zz: Zero bit. 
1= The result of an arithmetic or logic operation is zero. 
O= The result of an arithmetic or logical operation is not zero. 


PD: Power down bit. 
1= After power-up or by a CLRWDT command. 
O= By execution of the SLEEP instruction. 


TO: Time-out bit. 
1= After power-up and by the CLRWDT and SLEEP instruction. 
0= A watchdog timer time-out has occurred. 


RP<1:0>: Register page select bits for direct addressing. 


00 = Bank 0 (00h - 7Fh) 
01 = Bank 1 (80h - FFh) 
10 = Bank 2 (100h - 17Fh) 
11 = Bank 3 (180h - 1FFh) 


Each page is 128 bytes. 

Only the RPO bit is used by the PIC16C64. RP1 should be programmed as 
‘0’". Using the RP1 bit as a general purpose read/write bit is not 
recommended, since this may affect upward compatibility with future 
products. 


IRP: Register page select bits for indirect addressing. 
0 = Bank 0,1 (00h - FFh) 
1 = Bank 2,3 (100h - 1FFh) 


The IRP bit is not used by the PIC16C64. IRP should be programmed as ‘0’. 
Use of the IRP bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.2.2.2 OPTION Register 


The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external INT interrupt, TMRO, 
and the weak pull-ups on PORTB. 


FIGURE 4-4: OPTION REGISTER | 


RW RW RW _ RW_RW_RW_ORW RW Address: 81h | RW: Readable & writable 


RBPU| INTEDG | RTS | RTE | PSA|PS2 | PS1 | PSO | Reset value: FFh | R Read only 
7 . 


: Unimpliemented. 
bit 0 Read as ‘0' 


- deciagaem nh inte TMRO RATE | WDT RATE 


PS2. PS1 PSO 


eh, eth eek eek eh eh oh oh 
eeece ee oe oe oe oe ee 


PSA: Prescaler assignment bit. 


1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


RTE: TMRO signal edge. 


1 = Increment on high-to-low transition on RA4/TOCKI pin 
0 = Increment on low-to-high transition on RA4/TOCKI pin 


RTS: TMRO signal source. 


1 = Transition on RA4/TOCKI pin 
0 = Internal instruction cycle clock (CLKOUT) 


INTEDG: Interrupt edge select. 


1 = Interrupt on rising edge 
0 = Interrupt on falling edge 


RBPU: Port B pull-up enable. 


1 = Port B pull-ups are disabled overriding any port latch value 
0 = Port B pull-ups are enabled by individual port-latch values 
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4.2.2.3 INTCON Register 


The PIC16C64 has eight sources of interrupt: 


e External interrupt from RBO/INT pin 

¢ TimerO overflow 

e Interrupt on change on RB<7:4> pins 

e¢ Timer1 overflow 3 

e Timer2 matches period register 

e Acapture, a compare, or a PWM output is reset 
e The synchronous serial port 

e The parallel slave port read/write 


The interrupt contro! register (INTCON) records indi- 
vidual interrupt requests in flag bits. It also has individual 
and global enable bits. The peripheral interrupt flags 
reside in the PIR1 register (Addr OCh). 


A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding mask bit in INTCON register 
(Figure 4-5). GIE is cleared on reset. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. For 
external interrupt events, such as the INT pin or PORTB 
change interrupt, the interrupt latency will be 3-4 instruc- 
tion cycles. The exact latency depends when the 
interrupt event occurs (see Figure 12-15). The latency 
is the same for 1 or 2 cycle instructions. Once in the 
interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interrupt flag bit(s) must be cleared in software before re- 
enabling interrupts to avoid infinite interrupt requests. 
Individual interrupt flag bits are set regardless of the 
status of their corresponding mask bit or the GIE bit. 


The “return from interrupt" instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit to re-enable 
interrupts. 








FIGURE 4-5: INTCON REGISTER 
RW RW RW_ RW RW RW RW_ RW Register: INTCON R/W: Readable & 


Address: OBh or 8Bh writable 
joie | Pee Ebola | RBI WOE ee Reset value: 0000 000xb; R: Read only 
7 


bitO : Unimplemented, 


read as '0' 


RBIF: RB port change interrupt flag. 

1 = When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

0 = None of the RB<7:4> inputs have changed. 

INTF: External interrupt flag. 

1 = The external INT interrupt has occurred. 
Must be cleared by software. 

0 = The INT interrupt did not occur 

TOIF: TMRO overflow interrupt flag. 

1 = The TMRO has overflowed. 
Must be cleared by software. 

0 = TMRO did not overflow. 

RBIE: RB port change interrupt enable bit. 

1 = Enables RBIF interrupt 

0 = Disables RBIF interrupt 

INTE: INT interrupt enable bit. 

1 = Enables INTF interrupt 

0 = Disables INTF interrupt 

TOIE: TOIF interrupt enable bit. 

1 = Enables TOIF interrupt 

0 = Disables TOIF interrupt 

PEIE: Peripheral interrupt enable bit. 


1 = Enables all un-masked peripheral interrupts 
0 = Disables all peripheral interrupts 


GIE: Global interrupt enable. 


1 = Enables all un-masked interrupts 
0 = Disables all interrupts 
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4.2.2.4 PIE1 Register 


This register contains the individual enable bits for the 
Peripheral Interrupts. _ 


FIGURE 4-6: PIE1 REGISTER 


RW SOR/W RW ~=RW 


roe] = [= [= [ore serene 


| 


Register: PIE1| R/W: Readable & 
Address: 8Ch writable 
-| Reset value: 00h | R: © Read only 
: -Unimplemented, 
read as 'O' 


TMRIE: Timert interrupt enable bit. 


1 = Enables TMRI1IF interrupt. 
0 = Disables TMRI1IF interrupt. 


TMR2IE: Timer2 interrupt enable bit. 


1 = Enables TMR2IF interrupt. 
0 = Disables TMRZ2IF interrupt. 


CCPI1IE: CCP1 interrupt enable bit. 


1 = Enables CCP1IF interrupt. 
0 = Disables CCP1IF interrupt. 


SSPIE: Synchronous serial port interrupt enable bit. 


1 = Enables SSPIF interrupt. 
0 = Disables SSPIF interrupt. 


Unimplemented. 
Read as ‘0’. 


PSPIE: Parallel slave port interrupt enable bit. 


1 = Enables PSPIF interrupt. 
0 = Disables PSPIF interrupt. 
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4.2.2.5 PIR1 Register 


This register contains the individual flag bit for the 
Peripheral Interrupts. 





FIGURE 4-7: PIR1 REGISTER 


Register: PIR1| R/W: Readable & 
PIF PIF | CCP1IF| TMR2IF | TMR1IF 


bit Reset value: OOh : Read only 
: Unimplemented, 
read as ‘O' 
TMRIIF: Timer interrupt flag. 
1 = Timer1 overflowed. 
Must be cleared in software. 
0 = No Timer1 overflow. 
TMR2IF: Timer2 interrupt flag. 
1 = Timer2 matches period register PR2. 
Must be cleared in software. 
0 = No Timer2 period match. 
CCP1IF: Capture1/Compare1/PWM1 interrupt. 
Capture Mode 
1 =A Timer1 capture has occurred. 
Must be cleared by software. 
0 = No Timer1 capture occurred. 
Compare Mode 
1 =A Timer1 compare match has occurred. 
Must be cleared by software. 
0 = No Timer1 compare match occurred. 
PWM Mode 
Unused 
SSPIF: Synchronous serial port. 
1 =A transmission/reception is completed. 
Must be cleared in software. 
0 = Waiting to transmit/receive 


Unimplemented, 
Read as ‘0’. 


PSPIF: Parallel slave port read/write interrupt flag. 

1 = A read or a write operation has taken place. 
Must be cleared in software. 

0 = No read or write has occurred. 
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4.2.26 PCON Register 
The PCON register contains flag bits to allow differentia- 


tion between a Power-On Reset to an external MCLR 
reset, WDT reset. 


FIGURE 4-8: PCON REGISTER 


Register: PCON | R/W: Readable & 
Address: 8Eh writable 
POR reset: 03h : Read only | 
: Unimplemented, 
read as '0' 


Reserved 


This bit should be programmed as '1'. Use of this 
bit as a general purpose read/write bit is not 
recommended, since this may affect upward | 
compatibility with future products. 


POR : Power on reset flag. 


1 = No power on reset has occurred. 

0 = A power-on-reset has occurred. 
Software must set this bit after a 
power-on-reset condition has occured. 


Unimplemented, 
Read as ‘0’. 
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4.3 PCL and PCLATH 


The program counter (PC) is 13-bit wide. The low byte, 
PCL is areadable and writable register (02h or 82h). The 
high byte of the PC, PCH is not directly readable or 
writable. The high byte of the PC can be written through 
the PCLATH register (OAh or 8Ah). When the PC is 
loaded with a new value during a CALL, GOTO or a write 
to PCL, the high bits of PC are loaded from PCLATH, 
as shown in Figure 4-9. 


FIGURE 4-9: LOADING OF PC IN 
DIFFERENT SITUATIONS 


INST with PCL 
(02h) as dest 


ALU result 





4.3.1 COMPUTED GOTO 


When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte block). 
Refer to "Table Read Using the PIC16CXX" (AN556). 


4.3.2 Stack 


The PIC16CXX has an 8-deep x 13-bit wide hardware 
stack (see Figure 4-1). The stack space is not part of 
either program or data space and the stack pointer is not 
readable or writable. The PC is pushed in the stack 
when a CALL instruction is executed or an interrupt is 
acknowledged. The stack is popped in the event of a 
RETURN, RETLW Or a RETFIE instruction execution. 
PCLATH is not affected by a "PUSH" or a "POP" opera- 
tion. 


The stack operates as a circular buffer. This means that 
after the stack has been "PUSHed" eight times, the ninth 
push overwrites the value that was stored from the first 
push. The tenth push overwrites the second push (and 
so on). This means that the user can implement "“soft- 
ware resets" for the system. 








© 1994 Microchip Technology Inc. 


Preliminary 


DS30218B-page 17 





PIC16C64_ 








4.4 Indirect Addressing, INDF and FSR . A simple program to clear RAM location20h-2Fh using | 


Registers | | indirect addressing is shown in Example 4-1. : 


The INDF register is not a physical register. Addressing 


the INDF register will cause an indirect addressing. EXAMPLE 4-1: INDIRECT ADDRESSING 


Indirect addressing is possible by using file address OOh. movlw 0x20 ;initialize pointer 
Any instruction using the INDF register, actually ac- souwe FSR. sto RAM 
cesses data pointed to by the file select register (FSR). 


Reading INDF itself indirectly will produce 00h. Writing ae oe ere yee gee 
to the INDF register indirectly results in a no-operation ance’ ek PARES POP Ces 
(although status bits may be affected). An effective 9-bit | btfss FSR, 4 ;all done? 
address is obtained by concantenating the 8-bit FSR goto - NEXT ;no clear next 
register and the IRP bit (STATUS<7>), as shown in SONU: ies. Continue 


Figure 4-10. However, IRP is not used in the PIC16C64. 


FIGURE 4-10: DIRECTANDIRECT ADDRESSING 


Direct Addressing Indirect Addressing 
RP1 RPO 6 from opcode 7 (FSR) 


[| 


ae, carey ae eee” OSL (Ree Are en eS 


page select location select page select location select 


Bank 0 Bank 2 Bank 3 


Note: For memory map detail, see Figure 4.2 
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5.0 /O PORTS 


The PIC16C64 has five ports, PORTA through PORTE. 
These ports pins may be multiplexed with an alternate 
function for the peripheral features on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 6-bit wide latch. RA4 is a Schmitt trigger 
input and an open collector output. All other RA port pins 
have TTL input levels and full CMOS output drivers. All 
pins have data direction bits (TRIS registers) which can 
configure these pins as output or input. | 


A'1'in the TRISA register configures the corresponding 
port pin as input. 


Port RA4 is multiplexed with TMRO clock input. 


Reading PORTA register reads the status of the pins, 
whereas writing to it will write to the port latch. 


FIGURE 5-1: BLOCK DIAGRAM OF PORT PINS 
RA<3:0> and RA<5> 


Data 
bus 


D Q 
"WR i 
PORT" = 


CK Q Es 
Data Latch 
D Q 


“RD PORT" ee 


Note: 1/O pins have protection diodes to Vop and Vss 








EXAMPLE 5-1: INITIALIZING PORTA 


BSF STATUS, RPO;Select Bankl 

MOVLW OxCF ;Value used to initialize 
;data direction 

;Set RA<3:0> as inputs 

; RA<5:4> as outputs 

; TRISA<7:6> are always 
;read as '0'. 


MOVWF TRISA 


FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 


Data Latch 


"WR 
TRIS" 


Schmitt 


D Q 
cK Q trigger \e/ 
si 


buffer 


N 


“RD PORT" Be: Z 
TMRO clock input 


Note: I/O pin has protection diodes to Vss only. 
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TABLE 5-1: PORTA FUNCTIONS 










Input/output or external clock input for TMRO. 
Output is open collector type 


input/output or slave select input for synchronous 
serial port 


Legend: TTL=TTL input, ST = Schmitt trigger input 





TABLE 5-2: SUMMARY OF PORTA REGISTERS 
[ Resistername | Function ___—_—_—| Address | Poweran Reset vale 
PORTA PORTA pins when read ~-XX XXXX 
PORTA latch when written 


TRISA PORTA data direction register --11 1111 
O = output, 1 = input 






















Notes: 1: x = unknown, - = unimplemented, reads as a ‘0’. 
2: For reset values of registers in other reset situations refer to Table 12-6. 
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5.2 PORTB and TRISB Registers 


PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A'1' in TRISB configures the 
corresponding port pin as an input. Reading PORTB 
register reads the status of the pins whereas writing to it 
will write to the port latch. | 


Each of the PORTB pins has a weak internal pull-up 
(~100 A typical). A single control bit can turn on all the 


pull-ups. This is done by clearing the RBPU (OP- 
TION<7>) bit. The weak pull-up is automatically turned 
off when the port pin is configured as an output. The pull- 
ups are disabled on power-on reset. 





Four of PORTB’s pins, RB<7:4>, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7—RB4 pin 
configured as an output is excluded from the interrupt on 
change comparison). On every instruction cycle, the 
input pins (of RB7—RB4) are compared with the old value 
latched on the last read of PORTB. The “mismatch” 
outputs of RB7—RB4 are OR’ed together to generate the 
RBIF interrupt (flag latched in INTCON<0O>). 


FIGURE 5-3: BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 


RBPU 
Data Latch 


Data bus 


“WR Port" 


“WR TRIS" 


“RD TRIS" 


port pins Q D 


“RD Port" 
set - A 
RBIF From 
other 


CKt 
"RD Port" 


Note: 1. Portlatch = 1 and TRISB = 1 enables weak pull-up if 
RBPU = 0 in OPTION register. 
2. I/O pins have diode protection to Vop and Vss. 
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This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the 
interrupt in one of two ways: 


a) Disable the interrupt by clearing RBIE (INTCON<3>) 
bit. 

b) Read PORTB. This will end mismatch condition. 
Then, clear RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. (See AN552 in the Embedded 
Control Handbook). 





FIGURE 5-4: BLOCK DIAGRAM OF PORT 


PINS RB<3:0> 


Data Latch 


Data bus 


“WR Port" 


“WR TRIS" 


"RD Port" 


"RD Port" 


Notes: 1. TRISB = 1 enables weak pull-up if RBPU =0 in 
OPTION register. 
2. For RBO/INT pin, the INT input comes through a 
Schmitt trigger input buffer. 
3. I/O pins have diode protection to Vop and Vss. 
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Function 








Input/output pin or external interrupt input. Internal software 
programmable weak pull-up 


RBO/INT = TTUSTt | 
input/output pin. Internal software programmable weak pull-up | 
| biti2 | Tm | input/output pin. Internal software programmable weak pull-up 





input/output pin. Internal software programmable weak pull-up 
Input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 
TT input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 
TTL/ST¢ input/output pin (with interrupt on change). Internal software 
programmable weak pull-up | 
RB7 bit7 TIL/ST$ input/output pin (with interrupt on change). Internal software 
| | programmable weak pull-up | 


RB4 


RB6 


Legend: TTL = TTL input, ST = Schmitt Trigger 
t This buffer is a Schmitt triger input when configured as the external interrupt. 
+ This buffer is a Schmitt Trigger input when used in serial programming mode. 


TABLE 5-4: SUMMARY OF PORTB REGISTERS 


PORTB pins when read 
PORTB latch when written 


TRISB PORTB data direction register 
O = output, 1 = input 








Register Name 















PORTB XXXX XXXX 


81h 








OPTION Weak pull-up on/off control (RBPU bit) Tttt. -2414 
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5.3 PORTC and TRISC Registers FIGURE 5-5: PORTC BLOCK DIAGRAM 


/O PORTC is an 8-bit bidirectional port. Each pin is 
individually configurable as input and output through the 


TRISC register. PORTC is multiplexed with several rere Select 
peripheral functions (see Table 5-5). PORTC pins perpheal eo 
have Schmitt trigger input buffers. Data bus 


EXAMPLE 5-2: INITIALIZING PORTC 


BSF STATUS, RPO;Select Bankl 

MOVLW OxCF ;Value used to initialize 
;data direction 

MOVWF TRISC ;Set RC<3:0> as inputs 


RC<5:4> as outputs 

RC<7:6> as inputs 
PERIPHERAL 
OE 


Peripheral input 


Notes: 1. Port/Peripheral select signal selects between 
port data and peripheral output. 
2. Peripheral OE (output enable) is only activated if 
peripheral select is active. 
3. I/O pins have diode protection to Vop and Vss. 





TABLE 5-5: PORTC FUNCTIONS 


Thane [a8 | stort 
RCO/TICKI | ito | 


RC1/T1CKO input/output port pin or Timer1 oscillator output 


ee 
PWM1 output 
for both SPI and I?C modes. 

























input/output port pin or Timer1 clock input/Timer1 oscillator input 












RC4/SDI/SDA RC4/SDI/SDA can also be selected as the SPI Data In (SP! mode) 


or data I/O (l?C mode). 
RC5/SDO | biit5 | 


co 
Legend: ST = Schmitt Trigger Input 


RC6 
RC7 


TABLE 5-6: SUMMARY OF PORTC REGISTERS 


PORTC 





Power-on Reset Value 


PORTC pins when read 07h XXXX XXXX 
PORTC latch when written 


TRISC PORTC data direction register 87h 1111 1111 
7 O = output, 1 = input 


















Notes: 1: x = unknown, - = unimplemented, reads as a 'O". 
2: For reset values of registers in other reset situations refer to Table. 
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5.4 PORTD and TRISD Registers FIGURE 5-6: PORTD BLOCK DIAGRAM 
(IN VO PORT MODE) 


I/O PORTD is an 8-bit port with Schmitt trigger input 
buffers. Each pin is individually configurable as input or 
output. | 


PORTD can be configured as an 8-bit wide microproces- 
sor port (or parallel slave port) by setting control bit 
PSPMODE (TRISE<4>) . In this mode, the input buffers 
are TTL. o | 


Schmitt 
Trigger 


“RD PORT" 


Note: 1/O pins have protection diodes to Vop and Vss. 





TABLE 5-7: PORTD FUNCTIONS 


[Name |_-Bit_| Buffer Type 
RDO/PSPO | bit | ST/TTL Input/output port pin or parallel slave port bit 0 
RD1/PSP1 | itt | ST/TTL input/output port pin or parallel slave port bit 1 


RD2/PSP2 ST/TTL input/output port pin or parallel slave port bit 2 
RD3/PSP3 ST/TTL Input/output port pin or parallel slave port bit 3 


RD4/PSP4 ST/TTL input/output port pin or parallel slave port bit 4 
RD5/PSP5 | bits | ST/TTL input/output port pin or parallel slave port bit 5 
RD6/PSP6 | bite ST/TTL | input/output port pin or parallel slave port bit 6 


RD7/PSP7 bit7 ST/TTL input/output port pin or parallel slave port bit 7 
Legend: ST = Schmitt Trigger Input, TTL = TTL input 





TABLE 5-8: SUMMARY OF PORTD REGISTERS 


PORTD PORTD pins when read XXXX XXXX 
PORTD latch when written 

TRISD PORTD data direction register 88h 1111 1111 
O = output, 1 = input 


Notes: 1:. x = unknown, - = unimplemented, reads as a 'O'. | 
2: For reset values of registers in other reset situations refer to Table. 
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5.5 PORTE and TRISE Register FIGURE 5-7: PORTE BLOCK DIAGRAM 
(IN /O PORT MODE) 


1/O PORTE has three pins REO, RE1 and RE2 which are 
individually configurable as inputs or outputs. These 
have Schmitt trigger input buffers. 


1/(O PORTE becomes control inputs for the microproces- 
sor port when the PSPMODE bit (TRISE<4>) is set. In 
this mode, the user must make sure that the TRISE<2:0> 
bits are set (pins are configured as digital inputs). In this 
mode the input buffers are TTL. 


Figure 5-7 shows the TRISE register, which also con- 
trols the synchronous slave port operation. 





“RD PORT" 


i/O pins have protection diodes to Voo and Vss. 





FIGURE 5-8: TRISE REGISTER 


R RW R/W 


PSPMODE pian TRISE2 | TRISE1 | TRISEO Register: TRISE | RW: Readable & 
Address: 89h writable 


bitO POR value: 07h : Read only 
: Unimplemented, 
read as 'O' 

TRISEO: Direction control bit for port pin REO 
1 = Input 

0 = Output 

TRISE1: Direction control bit for port pin RE1 
1 = Input 

O = Output 

TRISE2: Direction control bit for port pin RE2 
1 = Input 

0 = Output 

Unimplemented. 

Read as '0' 


PSPMODE: Selects parallel slave port mode for ports 
RD and RE. 

1 = Parallel slave port mode. 

0 = General purpose I/O. 


IBOV: Input buffer overflow in microprocessor mode. 


1 = Awrite occurred when a previous input word has 
not been read. 
Must be cleared in software. 

0 = No overflow has occurred. 


OBF: Output buffer full. 

1 = The output buffer stili holds a previously written word. 
0 = Output buffer has been read. 

IBF: Input buffer full. 


1 = Aword has been received and waiting to be read 
by the CPU. 
0 = No word has been received. 
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TABLE 5-9: PORTE FUNCTIONS 


| Bit | Buffer Type | Function 


REO/RD- - bit ST/TTL input/output port pin or Read control input in parallel slave | 
| 1 = Nota read operation ; : 
| 0 = Read operation. The system reads the 16C64 PortD 
register (if chip selected) 
ST/TTL input/output port pin or Write control input in parallel slave 
port mode | : 
| | WR 
1 = Nota write operation 
. 0 = Write operation. The system writes to the 16C64 PortD 
register (if chip selected) | | 
ST/TTL input/output port pin or Chip select control input in parallel slave 
port mode 
cs 
1 = Device is not selected 
0 = Device is selected 


Legend: ST = Schmitt Trigger Input, TTL = TTL input 












TABLE 5-10: SUMMARY OF PORTE REGISTERS 
RegisterName | Function = |_—Address_| 
PORTE PORTE pins when read 09h 
PORTE latch when written 
TRISE PORTE data direction control 89h 
bits and PORTD mode control 






Power-on Reset Value 














| 0000 -111 
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5.6 VO Programming Considerations Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
tothe PORT latch. When using read modify write instruc- 

op SAE Oe yOnORrS tions (ex. BCF, BSF, etc.) on a PORT, the value of the 

Some instructions operate internally as read followed by PORT pins is read, the desired operation is done to this 

write operations. The BCF and BSF instructions, for value, and this value is then written to the PORT latch. 


example, read the register into the CPU, execute the bit Example 5-3 shows the effect of two sequential read 


operation, and write the result back to the register. modify write instructions (ex. BCF, BSF, etc.) on an /O 
Caution must be used when these instructions are PORT. 
applied to a port with both inputs and outputs defined. 


For example, a BSF operation on bit 5 of PORTB will 





cause all eight bits of PORTB to be read into the CPU. EXAMPLE 5-3: READ MODIFY WRITE 

Then the BSF operation takes place on bit5 and PORTB INSTRUCTIONS ON AN /O 

is written to the output latches. If another bit of PORTB PORT 

is used as a bidirectional 1/O pin (for example, bit 0) and ; Initial PORT settings: PORTB<7:4> Inputs 

it is defined as an input at this time, the input signal ; PORTB<3:0> Outputs 

present on the pin itself would be read into the CPU and ; PORTB<7:6> have external pull-up and are not 

re-written to the data latch of this particular pin, overwrit- Nee errr ere 

ing the previous content. As long as the pin stays in the ; PORT latch PORT pins 

input mode, no problem occurs. However, if bit 0 is Be eta ee ee eee, Ve ee 

switched into output mode later on, the content of the Cee ee ee ee See 
' ; 10pp pppp lipp pppp 

data latch may now be unknown. BSF STATUS, RPO ; 

A pin actively outputting a Low or High should not be So ee ee 

driven from external devices at the same time in order to : 

change the level on this pin (“wired-or", “wired-and"). ; Note that the user may have expected the pin 

The resulting high output currents may damage the chip. p Wales £0. De J0RR Rem. Tie 4nd: Pee causes: He? 


3; to be latched as the pin value (High). 


5.6.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5-9). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this I/O port. 


FIGURE 5-9: SUCCESSIVE /O OPERATION 


‘at! at asias! atl a@2i aslas! at] a2 a3ias' aii ae! a3lat! | note: 
t t i] ° 


EE ce (ok > (EE ok SD PC +3 This example shows write to PortB 
MOVWF PortB + MOVF PortB,W | ' NOP NOP followed by a read from PortB. 
Write to ' ReadPotB ! ‘ Note that : 

Port B .. data setup time = (0.25 TCY -TPD) 


RB <7:0> ? where TCY = instruction cycle. 
\ Port pin ‘ Therefore, at higher clock 
i] 


Timing Spec 14 _, ' 


Execute ' Execute | Execute 
MOVWF f MOVF ‘ NOP 
PorntB PortB, W 


{ 
| sampled here frequencies, a write followed by a 
; read may be problematic. 
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5.7 Parallel Slave Port FIGURE 5-10: PORTD AND PORTE AS A 


PORTD operates as an 8-bit wide parallel slave port, or PARALLEL casi PORT 


microprocessor port when control bit PSPMODE 
(TRISE<4>) is set. In slave mode it is asynchronously 
readable and writable by the external world through RD 
control input (REO/RD ) and WR control input (RE1/WR ). 


It can directly interface to an 8-bit microprocessor data 
bus. The microprocessor can read or write the PORTD 
latch as an 8-bit latch. Setting PSPMODE also enables 
the port pin REO to be the RD input, RE1 to be the WR 


input and RE2 to be the CS (chip select) input. For this | ee ane 
functionality, the corresponding data direction bits of the 

TRISE register (TRISE<2:0>) must be configured as One bit of PortD 
inputs (set). Set interrupt flag 


There are actually two 8-bit latches, one for data-out Pen CRs) 


(from the PIC16CXX) and one for data input. The user 
writes 8-bit data to PORTD data latch and reads data 
from the port pin latch (note that they have the same 
address). In this mode the TRISD register is ignored, 
since the microprocessor is controlling the direction of 
data flow. — . 


Status flag IBF, Input Buffer Full (TRISE<7>), is set if a 
received word is waiting to be read by the CPU. The IBF 
is cleared when PORTD is read by the CPU. IBF isa 
read only status bit. Status flag OBF, Output Buffer Full 
(TRISE<6>), is set if a word written to PORTD latch is 
waiting to be read by the external bus. The OBF flag is 
cleared when PORTD is read by the external device. 
Status flag IBOV, Input Buffer Overflow (TRISE<5>), is 
set if a second word is written to the microprocessor port 
when the previous word has not been read by the CPU. 
It is a read/write bit and must be cleared by the CPU. 


When not in PSPMODE, IBF and OBF bits are held as 
cleared. However, if the IBOV flag was previously set, 
it must be cleared in the software. 


Note: I/O pins have protection diodes to Vop and Vss. 





An interrupt is generated and latched into control bit 
PSPIF (PIR1<7>) when a read or a write operation is 
completed. The PSPIF interrupt flag must be cleared by 
the CPU and the interrupt can be disabled by clearing 
the interrupt enable bit PSPIE (PIE1<7>). 


TABLE 5-11: SUMMARY OF PARALLEL SLAVE PORT REGISTERS 

























PORTD Parallel slave port XXXX XXXX 
Read/Write Data 
PORTE Parallel slave port Read/Write/Chip 
Select signals 09h 
TRISE Control bits for PORTD peripheral | 89h | 00-42 | 
PIE1 Interrupt Enable register (PSPIE bit) 8ch 0000 0000 
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6.0 OVERVIEW OF TIMER MODULES 


The PIC16C64 has three timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred (i.e. timer overflow). Each of these modules is 
explained in full detail in the following sections. The 
timer modules are: 


¢ TimerO (TMRO) module (see Section 7) 
e Timert (TMR1) module (see Section 8) 
¢ Timer2 (TMR2) module (see Section 9) 


For enhanced time-based functionality, the following 
module can be used with either of the TMR1 or TMR2 
modules. This module is the: 


e Capture/Compare/PWM (CCP1) module 
(see Section 10) 


6.1 TimerO (TMRO) Overview 


The TMRO module is identical to the RTCC module of 
other PIC16CXX enhanced core products (and very 
similar to the PIC16C5X products). The TMRO module 
is a simple 8-bit overflow counter. The clock source can 
be either the internal system clock (OSC/4) or an 
external clock. When the clock source is an external 
clock, the TMRO module can be selected to increment 
on either the rising or falling edge. 


The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
RTCC module or the Watchdog Timer. The PSA bit 
(OPTION<3>) assigns the prescaler, and the PS2 -PSO 
(OPTION<2:0>) determines the prescaler value. The 
RTCC can increment at the following rates: 1:1 (when 
prescaler assigned to Watchdog Timer), 1:2, 1:4, 1:8, 
1:16, 1:32, 1:64, 1:128, 1:256. 


Synchronization of the external clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device’s fre- 
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 


When the clock source is an external clock, the TMRO 
module can be selected to increment on either the rising 
or falling edge. 


6.2 Timeri (TMR1) Overview 


Timer1 (TMR1) is a 16-bit timer/counter. The clock 
source can be either the internal system clock (OSC/4), 
an external clock, or an external crystal. TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either operate synchronized to the device or 
asynchonously to the device. Asynchonous operation 
allows TMR1 to operate during sleep, which is useful for 
applications that require a real time clock as well as the 
power savings of sleep mode. 


TMR1 also has a prescaler option which allows the 
TMR’1 to increment at the following rates: 1:1, 1:2, 1:4, 
1:8. TMR1 can be used in conjunction with the Capture 
/ Compare / PWM (CCP 1) module. When used with the 
CCP1 module, TMR1 is the timebase for 16-bit capture 
or the 16-bit compare. When using the TMR1 module 
with the CCP1 module, TMR1 must be synchronized to 
the device (timer or synchronized counter mode). 


6.3 Timer2 (TMR2) Overview 


Timer2 (TMR2) is an 8-bit timer. TMR2 has both a 
programmable prescaler and postscaler, as well as an 
8-bit period register (PR2). TMR2 can be used with the 
CCP1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler option 
which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 


The postscaler allows TMR2 to match the period register 
(PR2) a programmable number of times before generat- 
ing an interrupt. The postscaler can be programmed 
from 1:1 to 1:16 (inclusive). 


6.4 CCP1 Overview 


The CCP1 module can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or 10-bit Pulse 
Width Modulation (PWM) 


Capture mode, captures the 16-bit value of TMR1 into 
the CCPR1H:CCPRI1L register pair. The capture event 
can be programmed for either the falling edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCP1 pin. 


Compare mode, compares the TMR1H:TMR1L register 
pair to the CCPR1H:CCPRIL register pair. When a 
match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low) or TMR1 can be reset. This depends on the control 
bits CCP1M3 - CCP1MoO. 


PWM mode, compares TMR2 to a 10-bit duty cycle 
register as well as to an 8-bit period register (PR2). 
When the TMR2 = PR2, TMR2 is reset to 00h, an 
interrupt can be generated, and the CCP1 pin (if an 
output) will be forced high. When the TMR2 = Duty Cycle 
register, the CCP1 pin will be forced low. 
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7.0 TIMERO (TMRO) MODULE | two cycles (see Figures 7-2.and 7-3). The user can work | 
around this by writing an adjusted value to the TMRO 
The TMRO module timer/counter has the following fea- module. 
mUNes: 7 | Counter mode is selected by setting the RTS bit 
e 8-bit timer/counter ; (OPTION<5>). In this mode TMRO will increment either 
e Readable and writable (file address 01h) on every rising or falling edge of pin RA4/TOCKI. The 
e 8-bit software programmable prescaler incrementing edge is determined by control bit RTE 
e Internal or external clock select (OPTION<4>). Clearing the RTE bit selects the rising 
e Interrupt on overflow from FFh to 00h | edge. Restrictions on the external clock input is dis- 
e Edge select for external clock cussed in detail in Section 7.2. 


The prescaler is shared between the TMRO module and 


Piguet 8 ee alee cage ening EMBO the Watchdog Timer. The prescaler assignment is 


module. controlled in software by control bit, PSA (OPTION<3>). 
Timer mode is selected by clearing the RTS bit Clearing the PSA bit will assign the prescaler to TMRO. 
(OPTION<5>). In timer mode, the TMRO module will The prescaler is not readable or writable. When the 
increment every instruction cycle (without prescaler). If prescaler is assigned to the TMRO module, prescale 
TMRO is written, increment is inhibited for the following values of 1:2, 1:4, ..., 1:256 are selectable. Section 7.3 


details the operation of the prescaler. 


FIGURE 7-1: TIMERO (TMRO) BLOCK DIAGRAM 


Data Bus 


Sync with 
Internal TMRO (8) 
clocks 


Set TOIF 


Programmable 
Prescaler (2 Cycle Delay) 
Interrupt on 


RTE RTS PS2, PS1, PSO PSA Overflow 


Notes: 1. Bits, RTE, RTS, PS2,PS1, PSO AND PSA are located in OPTION register. 
2. The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 





FIGURE 7-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 


ae pee ee Se 
(PROGRAM | 


COU U 
NTE ST A CFS ey A oes a or a <r C+6 

‘ 
INST = MOVWF TMRO + MOVFTMRO,W + MOVFTMRO,W ! MOVFTMRO,W ! MOVF TMRO, ws MOVF TMRO, Ww 

4 


cS ss es 2 NRT +1 NRT +2 


4 ‘ 
t i 
1 4 
Read TMRO ! 
readsNRT 


Read TMRO ReadTMRO ' Read TMRO 
reads NRT ' readsNRT+1 | readsNRT+2 | 


, ' 1 
4 i] 4 
i] ‘ ‘ 
: ' Write TMRO Read TMRO ' 
\ | executed | readsNRT | 





FIGURE 7-3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1:2 


Serre pone Qi] G21 G3} a4" Qit a2! G3} as! Qt] C21 G31 a4" Qt] G21 031 4) Qi] G21 G31 Q4" Qi} G21 G31 Q4) Qt! G2] G3! a4) 
ae Ce 


t 4 
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7.1 TIMERO (TMROQ) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to 00h. This overflow 
sets the TOIF bit. The interrupt can be masked by 
clearing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 7-4 for TMRO interrupt timing. 


7.2 Using TMRO with External Clock 


When external clock input is used for TMRO, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 


Also there is some delay from the occurance of the 
extemal clock edge to the actual incrementing of TMRO. 
Referring to Figure 7-5, the synchronization is done after 
the prescaler. The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for PsouT to be high 
for at least 2 tosc and low for at least 2 tosc where: 


tosc = oscillator time period. 


FIGURE 7-4: TIMERO (TMRO) INTERRUPT TIMING 


When no prescaler is used, Psout (Prescaler output, 
see Figure 7-1) is the same as TMRO clock input and 


therefore the requirements are: 


TRTH = TMRO high time = 2tosc + AT 
(See parameter #40) 
TRTL = TMRO low time 2 2tosc + AT 


(See parameter #41) 


When prescaler_is used, the TMRO module input is 


divided by the asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 


Then: 

Psout high time = PsouT low time = Neer 
where 

TRT = TMRO input period 

N =  prescale value (2, 4, .... 
The requirement is, therefore: 

Ae > 2tosc + AT, or TRT> Atese +2.) 2aT 


, 256). 


where 
AT = small RC delay 
(see Timing Specifications). 
The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 10 ns 


is required. In summary, the TMRO module input re- 
quirements are: 
TRT = TMRO period 2 (4 tosc + 2 AT)/N 
TRTH = TMROhigh time = AT 
TRTL =  TMRO low time 2 AT 


eae Rega ai | a2| as| as| at! a2| as] as] ar| a2| az| as! ar| a2| as] as 


a a a 
ep 


OSCc1 


cLKOuT(3) 


TMRO timer 


TOIF bit 
(INTCON <2>) 


GIE bit 
(INTCON <7>) 
INSTRUCTION FLOW 


PC XK  PC+i KPC HK HH 
Instruction 
fetched Inst (PC) Inst (PC + 1) a inst (0004h) 
instruction 


Dummy cycle 


Inst (PC - 1) inst (PC) 


executed 


Notes: 
1. TOIF interrupt flag is sampled here (every Q1). 


a 
Cae 


Inst (0005h) 


Inst (0004h) 


2. Interrupt latency = 4 Tcy where Tcy = instruction cycle time. 


3. CLKOUT is available only in RC oscillator mode. 
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Delay from external clock edge: Since the prescaler 
Output is synchronized with the internal clocks, there is 


a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 7-5, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within +4 tosc Gare @ 
20 MHz). 


7.3 Prescaler 


An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the Watchdog Timer, 
respectively (see Figure 7-6). For simplicity, this counter 
is being referred to as "prescaler* throughout this data 


sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignment for the TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 


The PSA and PS2-PSO0 bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 1,MOVWF 1, 
BSF 1,x....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. The prescaier is not 
readable or writable. 


FIGURE 7-5: TIMERO TIMING WITH EXTERNAL CLOCK 


Qt! G21 G3] Q4 ' Qt] C2} 31 Q4 ' QI} C2! GBI Q4 | AI! C2! GB! 4 | 


Small pulse 1 
misses sampling 


{ (note 3) 4 


EXT CLOCK INPUT OR | 
PRESCALER OUT (NOTE 2) | 


EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 


INCREMENT TMRO (Q4) 


TMRO 
Notes: - ' 


R+1 


1. Delay from clock input change to TMRO increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 





FIGURE 7-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 


CLKOUT (=Fosc/4) 


TOCKI 1 
Pin >. 
RTE 


8-Bit Counter 


Watchdog 
Timer 


WOT Enable 
EPROM Fuse 


WDT 
Time-out 
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Data Bus 
8 
CYCLES 
Set TOIF | 


Interrupt 
on Overfiow 


PSO - PS2 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register 
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7.3.1 SWITCHING PRESCALER ASSIGNMENT Steps 2 and 3 are only required if an external TMRO 
source is used. Steps 9 and 10 are necessary only if the 


The prescaler assignment is fully under software con- 
5 g y desired prescale value is '000' or ‘001'. 


trol, i.e., it can be changed "on the fly" during program 
execution. To avoid an unintended device RESET, the To change prescaler from the WDT to the TMRO module 
following instruction sequence (shown in Example 7-1) use the sequence shown in Example 7-2. This precau- 
must be executed when changing the prescaler assign- tion must be taken even if the WDT is disabled. 

ment from TMRO to WDT. Depending on the selected 


prescaler value (lines 2 and 3) determines if lines 9 and EXAMPLE 7-2: CHANGING PRESCALER 

10 are required: (WDT—TMRO) 

EXAMPLE 7-1: CHANGING PRESCALER ae ERWOE f nee veld ang 
(TMRO—WDT) 2. BSF STATUS, RPO 


3. MOVLW B'xxxx0xxx' ;Select TMRO, new 


1. BCF STATUS, RPO ;Bank 0 :prescale value and 
2. CLRF TMRO ;Clear TMRO ;clock source 
3. BSF STATUS, RPO ;Bank 1 4. MOVWF OPTION . 
4. CLRWDT ;Clears WDT and 5. BCF STATUS, RPO 
: prescale 
5. MOVLW B*xxxx1lxxx' ;Select new prescale 
6. MOVWF OPTION ; value 
7. BCF STATUS, RPO 7;Bank 0 


TABLE 7-1: SUMMARY OF TMRO REGISTERS 


OPTION Configuration and prescaler assignment 81h me Bs ec 
bits for TMRO. See Figure 4-4 

INTCON TMRO overflow interrupt flag and mask bits OBh 0000 000x 
See Figure 4-5 


TABLE 7-2: REGISTERS ASSOCIATED WITH TMRO 



















Legend — = Unimplemented locations, Read as '0' 
Shaded boxes are not used by TMRO module. 
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8.0 TIMER1 (TMR1) MODULE 


Timer is a 16-bit timer/counter consisting of two 8-bit 


registers (TMR1H and TMR1L) which are readable and 
writable. TMR1 increments from 0000h to FFFFh and 
rolls over to OOO0Oh. An interrupt, if enabled, is generated 
on overflow which is latched in interrupt flag bit TMR1IF 
(PIR1<O>). This interrupt can be enabled or disabled 
using the timer1 interrupt enable bit TMR1IE (PIE1<0>). 


TMRi1 can operate in one of two modes: 


e Asatimer 
e Asacounter 


This is determined by the clock select bit, TMR1CS 
(TICON<1>). 


FIGURE 8-1: T1CON: TIMER1 CONTROL REGISTER 


RW CRW 


In timer mode, TMR1 increments every instruction cycle. 
In counter mode, it increments on every rising edge of 
external clock input on pin RCO/T1CKI. 


Timer1 can be tured on or off using the control bit 
TMRION (T1CON<0>). See description of T1CON 
control register for all control bits related to Timer1. 


Timer also has an internal “reset input". This reset can 
be generated by CCP1 (Capture/compare/PWM) mod- 
ule. See Section 10 for details. Figure 8-1 shows the 
Timer1 control register. 


When the Timer1 oscillator is enabled (T1OSCEN is 
set), the RC1/T1CKO pin becomes an output. That is, 
the TRISC<1> value is ignored. The RCO/T1CKI pin 
should normally be configured as an input (for external 
clock). However, this pin can be configured as an 
output, if self-clocking (through the output pin) is de- 
sired. 


TICON| R/W: Readable & 


RW RW RW 
TICKPS1|TiCKPSO |T1OSCEN]T1INSYNC|TMR1CS |TMRION | | Register: cei ebis 
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bito | POR reset value: 00h} R: Read only 
: Unimplemented, 
read as '0' 


TMRI1ON: Timer on bit. 


1 = Enables timer1 
0 = Stops timer1 


TMR1CS: Timer clock select. 
1 = External clock (RCO/TCKI pin) (rising edge) 
0 = Internal clock (OSC/4) 


T1IINSYNC: Timer1 external clock input 
synchronization control. 


When TMRI1CS = 1 (Timer uses an external clock) |. 


1 = Do not synchronize external clock input 
0 = Synchronize external clock input 


When TMRI1CS = 0 (Timer1 uses the internal clock). 
This bit is ignored. 


T1OSCEN: Timer1 oscillator enable/disable. 

1 = Oscillator is enabled 

0 = Oscillator shut off. The oscillator inverter and 
feedback resistor are turned off to eliminate 
power drain. 


TICKPS<1:0>: Timert input clock prescale select. 


11 = Prescale value = 8 
10 = Prescale value = 4 
01 = Prescale value = 2 
00 = Prescale value = 1 


Unimplemented. 
read as ‘0’ 





© 1994 Microchip Technology Inc. © 


PIC16C64 





8.1 TMR1 Operation in Timer Mode 


Timer mode is selected by clearing the TMR1CS 
(T1CON<1>) bit. In this mode, the input clock to the 
timer is OSC/4. The synchronize control bit T1INSYNC 
(T1CON<2>) has no effect since the internal clock is 
always in sync. 


8.2 TMR1 Operation in Synchronized 
Counter Mode 


Counter mode is selected by setting the TMR1CS bit. In 
this mode the timer increments on every rising edge of 
clock input on pin RCO/T1O0SCO/T1CKI. 


If T1IINSYNC is cleared, then the extemal clock input is 
synchronized with internal phase clocks. The synchro- 
nization is done after the prescaler stage. The prescaler 
stage is an asynchronous ripple counter. 


In this configuration, during SLEEP mode, TMR_1 will not 
increment even if external clock is present, since the 
synchronization circuit is shut off. The prescaler how- 
ever will continue to increment. 


FIGURE 8-2: TMR1 BLOCK DIAGRAM 


TMR1IF 
Overflow 


interrupt _| TMRIH | TMRIL 


TMRI10N 
on/off 


TIOSCEN OSC/4 
Enable Internal 
Oscillatort Clock 


8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 
SYNCHRONIZED COUNTER MODE 


In synchronized counter mode, the prescaler output is 
sampled twice every instruction cycle. Therefore, the 
following restrictions apply to external clock input: 
when prescaler is 1:1: 

TTCKIH = T1CKI high time 2 2 tosc + AT 

TTCKIL = T1CKI low time 2 2 tosc + AT 


where AT = small RC delay (see timing specifications) 


when prescaler is higher: 


The input clock is divided by two or more, so the 
prescaler output is symmetrical. The requirements are 
then: 


Prescaler out high time = Prescaler out low time 
= Ne TTICKIP > 2 tosc + AT 


2 
or TTickip >4tosc +AT 
N 
where TT1CKIP = 1T1CKI input clock period 
N = __ prescale value (2, 4, 8) 
AT =~ smail RC delay 


(see timing specifications) 


Note that no requirement on minimum high time or low 
time is mentioned. However, if the pulse is too small it 
may not be recognized. Hence a minimum high and low 
time is specified. 


TT1CKIH = AT (see timing specification #45) 
TT1CKIL > AT (See timing specification # 46) 


Synchronized 


TIINSYNC 


Synchronize 
fc det 


Sleep input 


Prescaler 
1,2, 4,8 
2 


TMRICS T1CKPS<1:0> 


t When the T1 OSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain. 
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8.3 TMR1 Operation i in Asynchronous 
Counter Mode 


If the control bit T1INSYNC is set, the external clock 
input is not synchronized. The timer continues to incre- 
ment asynchronous to the internal phase clocks. The 
timer will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed to 
read/write the timer (see Section 8.3.2). 


In asynchronous counter mode, Timer1 can not be used 
as timebase for capture or compare operations. 


8.3.1 EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED CLOCK 


If TIINSYNC is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as speci- 
fied in timing specifications #45 and #46. 


8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 


Reading TMR1H or TMR1L while the timer is running off 
external asynchronous clock will guarantee a valid read 
(taken care of in hardware). However, the user should 
keep in mind that reading the 16-bit timer in two 8-bit 
values itself poses certain problems since the timer may 
overflow between the reads. 


For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten- 
tion may occur by writing to the timer registers while the 
register is incrementing. This may produce an unpre- 
dictable value in the timer register. 


Writing to the timer is no problem, if the clock is slower 
than the instruction cycle time. Reading the 16-bit value 
requires some care. Example 8-1 is an example routine 
to read the 16-bit timer value. This is useful if the timer 
cannot be stopped. 


EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 


: All Interrupts are disabled 


MOVF TMR1H, Wreg ; Read high byte 
MOVWF TMPH ; 
MOVF TMRIL, Wreg ; Read low byte 
MOVWF TMPL : 
MOVF TMR1H, Wreg ; Read high byte 
SUBWF TMPH, Wreg ; Sub 1st read 

; with 2nd read 
BTFSC STATUS, Z ; is result = 0 
GOTO CONTINUE ; Good 16-bit read 


TMR1L may have rolled over between the read 
of the high and low bytes. Reading the high 
and low bytes now will read a good value. 


Se ee ee eT | 


MOVF TMR1H, Wreg ; Read high byte 
MOVWF TMPH ? 

MOVF TMR1L, Wreg ; Read low byte 
MOVWF TMPL 


; Re-enable Interrupt (if ‘ Sequieeal 
CONTINUE : ; Continue with your 
; code 


8.4 Timeri Oscillator 


A crystal oscillator circuit is built in between T1CKI pin 
(input) and T1CKO (amplifier output). It is enabled by 
setting control bit T1OSCEN (T1CON<3>). The oscilla- 
tor is a low-power oscillator rated up to 200KHz. It will 
continue to run during SLEEP. Itis primarily intended for 
a 32KHz crystal. Table 8-1 shows the capacitor selec- 
tion for the Timer1 oscillator. 


The Timer1 oscillator is identical to the LP oscillator. The 
user must allow software time-out to ensure proper 
oscillator start-up. 


TABLE 8-1: CAPACITOR SELECTION FOR 
THE TIMER1 OSCILLATOR 


Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. 

§For Vop > 4.5V, C1 =C2 ~ 30pf is recommended. 








DS30218B-page 36 


Preliminary 
2-256 


© 1994 Microchip Technology Inc. 


PIC16C64 





8.5 Resetting Timer1 using CCP1 Trigger 
Output 


If CCP1 module is configured in compare mode to 
generate a “special event" trigger (CCP1M<3:0>= 1011), 
this signal will reset timer1. 


Timer1 must be configured for timer or synchronized 
counter mode operation to take advantage of this fea- 
ture. if the Timer1 is running in asynchronous counter 
mode, this reset operation may not work. 


In the event that a write to Timer1 coincides with a reset 
trigger from CCP1, the write will take precedence. 


In this mode of operation, the CCPR1H:CCPRI1L regis- 
ters pair effectively becomes the period register for the 
timer. 


8.6 R i f Tim r 


TMR1H and TMR1L registers are not reset on POR or 
any other reset except by the CCP1 special reset trigger. 


T1CON register is reset to 00h on Power-On Reset. In 
any other reset, the register is unaffected. 


8.7 Prescaler 


The prescaler counter is cleared on writes to the TMR1H 
or TMR1L registers. 


TABLE 8-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER 


TMR1H Timer1 Most Significant Byte 





|ticon | | = (| TICKPS1 |TICKPSO|TIOSCEN|TIINSYNC| TMRICS | TMRION 


Legend — = Unimplemented locations, Read as '0' 
Note: Shaded boxes are not used by Timer1 module. 
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9.0 TIMER2 (TMR2) MODULE 


Timer2 is an 8-bit timer with a prescaler and a postscaler. 
It is especially suitable as PWM time-base (for PWM 
mode of CCP mogule) TMR2 is areadable and writable 
register. 


The input clock (osc/4) has a prescale opie of 1,40r 16 
(selected by control bits TCKPS1, TCKPSO, fogisier 
T2CON). | 


Timer2 has an 8-bit period register PR2. Timer? ir incre- 
ments from OOh until it matches PR2 and then resets t0 
00h. PR2 is a readable and writable register. 


The overflow (or match) output of TMR2 goes through a 
4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generate timer2 interrupt (latched in TMR2IF bit, PIR<1>). 


Timer2 can be shut off using TMR2ON (T2CON<2>) 
control bit to minimize power consumption. 


Figure 9-2 shows the Timer2 control register. 


FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 


RW = RW RW 





9.1 Prescaler and Postscaler 


The prescaler and postscaler counters are cleared when 
any of the following occurs: a write to the TMR2 register, 
a write to the T2CON register, or any device reset 
(Power-On Reset, MCLR reset, or Watchdog Timer 
reset). 


9.2 Output of TMR2 


The output of TMR2 (before the postscaler) is fed to the 
synchronous serial port module which optionally uses it 
to generate shift clock. 


FIGURE 9-1: TIMER2 BLOCK DIAGRAM 





Timer2 4 TMR2 
interrupt output * 
TMR2IiF 


Prescaler 


Postscale 
4 1:1 > 1:16 


* TMR2 output can be software selected by the SSP 
module as baud clock. 


Register: T2CON | R/W: Readable & 
pa TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20N aoe T2CKPSO : writable 
Reset value: 00h|U: = Unimpiemented 


T2CKPS<1:0>: Timer2 clock prescaler select. 
00 = Prescaler is 1 

01 = Prescaler is 4 

1x = Prescaler is 16 

TMR2ON: Timer or/off control. 

1 = TMR2 is on 

0 = TMR2 is off 

TOUTPS<3:0>: Timer2 output postscale select 


0000 = Postscaler is 1 
0001 = Postscaler is 2 


1111 = Postscaler is 16 
Unimplemented. 
Read as '0' 





TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER 


ie 


| __— __|TourPss| TourPs2 |routrs1 |TouTeso] TMRZON | T2cKPsi| TaCkPso 





Timer2 period Register 
Legend — = Unimplemented locations, Read as ‘0’ 


Note: Shaded boxes are not used by Timer2 module. . 
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10.0 CAPTURE/COMPARE/PWM 
MODULE 


The PIC16C64 has a Capture/Compare/PWM (CCP) 
module consisting of a 16-bit register which can operate 
as a 16-bit capture register, as a 16-bit compare register 
or as a PWM output. 


CCP1 module: 


Capture/compare/PWM register1 (CCPR1) is made up 
of two 8-bit sections: low byte, CCPR1L and high byte, 
CCPR1H. Both are readable and writable. 


FIGURE 10-1: CCP1CON REGISTER 


U U RAW R/W R/W R/AW 
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10.1 Capture Mode 


In Capture mode, CCPR1 captures the 16-bit value of 
TMR1 when an event occurs on pin RC2/CCP1. An 
event is defined as: 


1. A falling edge 

2. Arising edge 

3. Every 4 rising edges 
4. Every 16 rising edges 


One of these is selected by the contro! bits CCP1M 


, <3:0> in register CCP1CON. When a capture is made 


the interrupt request flag, CCP 1IR bit (PIR<2>) is set. It 
must be reset in software. If another capture occurs 
before the value in register CCPR1 is read, the old 
captured value will be lost. In capture mode, the 
RC2/CCP1 pin should be configured as an input through 
its corresponding TRIS bit. 


Gino ihe RODD. 





When the capture mode is changed, a false capture 
interrupt may be generated. The user should clear the 
CCP1IF bit following any such change in operating 
mode. 


RW OR/W 


Register: CCP1CON | R/W: Readable & 
oes CCP1X | CCP1Y| CCP1M3 | CCP1M2 | CCP1M1|CCP1MO Address: writable 


POR value: 00h|U: Unimplemented 


CCP1M <3:0>: CCP1 mode select. 

0000 = Capture/compare/PWM off 

(Resets CCP1 module) 

0100 = Capture mode, every falling edge 

0101 = Capture mode, every rising edge 

0110 = Capture mode, every 4th rising edge 

0111 = Capture mode, every 16th rising edge 

1000 = Compare mode, set output on match (sets 
CCP1IF bit) 

1001 = Compare mode, clear output on match (sets 
CCP1IF bit) 

1010 = Compare mode, generate software 
interrupt (sets CCP1IF bit). CCP1 pin 
is unaffected 

1011 = Compare mode, trigger special event (sets 
CCP1IF bit) 

11XX = PWM mode 


CCP1X:CCP1Y: Two low order bits. 
Capture mode: Unused 


Compare mode: Unused 


PWM mode: Write the two low order bits in high 
resolution (10-bit) mode. May be kept constant (at ‘0') 
if only 8-bit resolution (in standard resolution mode) is 
desired. 


Unimplemented. 
Reads as '0'. 
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10.1.1 PRESCALER DETAILS 


There are four prescaler setting, specified by the 
CCP1M3-CCP1M0 bits. Whenever the CCP module is 
turned off, or the CCP module is not in capture mode, the 
prescaler counter is cleared. This means that any reset 
will clear the prescaler counter. | 


Switching from one capture prescaler to another may 
generate an interrupt. Also, the prescaler counter will 
not be cleared, and therefore the first capture may be 
from a non-zero prescaler. Example 10-1 shows the 
recommended way to switch between capture prescalers. 
This example also clears the prescaler counter and will 
not generate the “false” interrupt. 


EXAMPLE 10-1: CHANGING BETWEEN 


CAPTURE PRESCALERS 
CLRF CCP1CON : Turn CCP module off 
MOVLW NEW_CAPT PS ; Load the W reg with 


; the new prescaler 
+ mode value 
MOVWE CCP1CON ; Load CCP1CON with 


this value 
10.1.2 TIMER1 MODE SELECTION 


Timer1 must be running in timer mode or synchronized 
counter mode for the CCP1 modules to use the capture 
feature. In asynchronous counter mode the capture 
operation may not work. ee 


FIGURE 10-2: CAPTURE MODE OPERATION 


Set CCP1IF 
interrupt 
PIR<2> 


he 


Enable 


twa | TRI | 


Q's CCPCON1<3:0> 





10.2 Compare Mode | 


In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the timer1. When amatch 
occurs, the RC2/CCP1 pin is: - 


e Driven High 
e Driven Low 
e Remains Unchanged 


The action on the pin is based on the control bits 
CCP1M <3:0> in register CCP1CON. At the same time, 
a compare interrupt is also generated (bit CCP1IR, 
register CCP1CON). The user must set the RC2/CCP1 
pin as an output through the TRISC<2> bit. 





10.2.1 TIMER1 MODE SELECTION 


Timer1 must be running in timer mode or synchronized 
counter mode if the CCP1 module is using the compare 
feature. In asynchronous counter mode the compare 
operation may not work. 


10.2.2 SOFTWARE INTERRUPT MODE 


Another compare mode is software interrupt mode in 
which the CCP1 pin is not affected. Only CCP1IF 
interrupt is generated. 


10.2.3 SPECIAL TRIGGER 


The special trigger output of CCP1 is an internal Hard- 
ware Trigger which can be used to reset the timer1. This 
allows the CCPR1 register to effectively be a 16-bit 
programmable period register for timert. 


FIGURE 10-3: COMPARE MODE OPERATION 





1. set CCP1IF 
5 interrupt 
® PIR<2> 
J 
8 
Qo. 


RC2/CCP1 Logic 


TRISC<2> CCP1CON<3:0> 
Output Enable Mode Select 





Trigger 





iy 
if 
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10.3 PWM Mode 


In Pulse Width Modulation (PWM) mode, the RC2/CCP1 
produces up to 10-bit resolution PWM output. This pin 
must be configured as an output through the TRISC<2> 
bit. In PWM mode, the user writes the 8-bit duty-cycle 
value to the low byte of the CCPR1 register, namely 
CCPRIL. The high-byte, CCPR1H is used as the slave 
buffer to the low byte. The 8-bit data is transferred from 
the master to the slave when the PWM1 output is set (i.e. 
at the beginning of the duty cycle). This double buffering 
is essential for glitchless PWM output. In PWM mode 
CCPR1H is readable but not writable. The period of the 
PWM is determined by timer2 period register (PR2). 


PWM period is = 
[(PR2) + 1] © 4 tosc ¢ (TMR2 prescale value) 


PWM duty cycle = 
(DC1) ¢ tosc ¢ (TMR2 prescale value) 


where DC1 = 10 bit value from CCPRIL and 
CCP1CON<5:4> concantenated. 


The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 





FIGURE 10-4: SIMPLIFIED PWM BLOCK 


DIAGRAM 


CCP1CON<5:4> 


Duty cycle registers 


| ecrrn || 


u 


Note: 8-bit timer is concantenated with 2-bit internal Q clock 
or 2 bits of the prescaler to create 10-bit time base. 


TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 


Max Frequenc 
Resolution q y 


High 
ie TMR2 TMR2 TMR2 
Prescale = 1| Prescale = 4|Prescale = 16 


78.13 KHz | 19.53KHz | 4.88 KHz 











Timer Prescaler (1, 4, 16) 
PR2 Value 
Resoution (High-resolution mode?) 









: 
fey] 
; 
; 
; 
; 
— 








So 
; 
x< 
on 
nN 


ret [sor laser 





t Standard resolution mode has the CCPIX:CCPIY bit constant (or ‘0’), and only compares the TMR2 against the PR2. The Q-cycles 


are not used. 
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TABLE 10-3: REGISTERS ASSOCIATED WITH TIMER1 AND CAPTURE 


FO PSPiF = CCP1IF TMR1IF 
mas - SSPE | CCPIIE | iM TMRIIE 
Timert L eee lc Byte 


ie [ree = rere ais] TO 
[1s [oorntt [Timer Captroneaeras) 
[15 [crm [Tn ap pt sm) 


Legend — = Unimplemented locations, Read as 'O' ce: Shaded ones are not used in this mode. 





TABLE 10-4: REGISTERS ASSOCIATED WITH TIMER1 AND COMPARE 


See See 1 SA EE 
oe oS cs 
Ce aC ee 
is [sora [Fie Congo nogaers) 


Legend — = Unimplemented locations, Read as '0' Note: Shaded boxes are not used in this mode. 





TABLE 10-5: REGISTERS ASSOCIATED WITH TIMER2 AND PWM 

















Towee [wncon | oe 


ca : : : 
ar 
SC 
[12 [recon | [routess[rouress routes: [routes [ranean [Taoersi| Tare 
ec 
16 | 
ae 






CCPRIL Timer2 Duty Cycle Register 
CCPR1H Timer2 Duty Cycle Register (Slave) 
CCP1CON | o— | = | ccpix | ccP1Y | CCPim3 | CCP1m2 | CCP1mM1| CCP1MO 


Legend — = Unimplemented locations, Read as'0' Note: Shaded boxes are not used in this mode. 
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11.0 SYNCHRONOUS SERIAL PORT 
(SSP) 


The Synchronous Serial Port (SSP) module is a serial 
interface useful for communicating with other peripheral 
or microcontroller devices. These peripheral devices 
may be SerialEEPROMs, shift registers, display drivers, 
A/D converters, etc. The SSP module can operate in one 
of two modes: 


e Serial Peripheral Interface (SPI) 
e Inter-integrated Circuit (IC) 


FIGURE 11-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER 


Addr: 94h writable bit 
POR value: 00h : Read only bit 
: Unimplemented, 
read as 'O' 


BF: Buffer full 


1 = Receive complete, SSPBUF is full 

0 = Receive not complete, SSPBUF is empty 
Transmit Mode 

1 = Transmit in progress, SSPBUF is full 

0 = Transmit complete, SSPBUF is empty 


UA: Update Address (10-bit ?C slave mode only). 

1 = Indicate that the user needs to update the 
address in the SSPADD register. See 
Section 11.2 for details. 

0 = Address does not need to be updated. 


R/W: Read/write bit information (I2@C mode only) 
This bit holds the R/W bit information received 
following the last address match. This bit is only 
valid during the transmission. 

The user may use this bit in software to determine 
whether transmission or reception is in progress. 
1 = Read 

0= Write 


S: Start bit (I?C mode only) Flag 

This bit is cleared when the SSP module is 

disabled (SSPEN is cleared) 

1 = Indicates that a start bit has been detected 
last. This bit is O on reset. 

0 = Start bit was not detected last 

Note: This bit also operates in the Master Modes 


P: Stop bit (I2?C mode only) Flag 

This bit is cleared when the SSP module is 

disabled (SSPEN is cleared) 

1 = Indicates that a stop bit has been detected 
last. 

0 = Stop bit was not detected last 

Note: This bit also operates in the Master Modes 


D/A: Data/Address bit (I2C mode only) 

1 = Indicates that the last byte received was data 

0 = Indicates that the last byte received was 
address 


Unimplemented. 
Reads as ‘0’. 
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER 






RW RW_RW__ RW __ RW __ RW __ RW 


Register SSPCON/ R/W: Readable & 
[woot [Ssrov [ssPen [ox [Sera] Sspwa [ssrwi] sseuo-] | ogee writable bit 


Pp fy BitO | POR value:00h | R: Read only bit 


U: Unimplemented, 
read as '0' 

SSPM<3:0>: Synchronous serial port mode select 

0000 = SPI master mode, clock = osc/4 

0001 = SPI master mode, clock = osc/16 

0010 = SPI master mode, clock = osc/64 

0011 = SPI master mode, clock = (TMR2_output/2) 

0100 = SPlslave mode, clock=SCK pin. SS pin control 

_ enabled. 

0101 = SPislave mode, clock = SCK pin. SS pincontrol 
disabled. SS can be used as I/O pin. 

0110 = I?C slave mode, 7-bit address 

0111 = I?C slave mode, 10-bit address 

1011 = I?C master mode support enabled (slave idle) 

1110 = !?C slave mode, 7-bit address with master mode 
support enabled 

1111 = I?C slave mode, 10-bit address with master 
mode support enabled 


CKP: Clock polarity select. 


1 = Transmit happens on falling edge, receive on rising 
edge. Idle state for clock is a High level. 

0 = Transmit happens on rising edge, receive on falling 
edge. Idle state for clock is a Low level. 

In 2 modes: 

SCK release control 

1 = Enable clock 

0 = Holds clock low (clock stretch) 

Note: Used to ensure data setup time 


SSPEN: Sync serial port enable 
n ‘ 

1 = Enables serial port and configures SCK, SDO and 
SDI as serial port pins. 
0 = Disables serial port and configures these pins as 
\/O port pins. 

In FC modes: 
1 = Enables the serial port and configures SDA and 
SCL pins as serial port pins. 
0 = Disables serial port and configures these pins as 
(/O port pins. 


In both modes, when enabled, these pins must be 
properly configured as input or output. 


SSPOV: Receive overflow flag. 
In SP] modes: 

1 = Anew byte is received while SSPBUF register is 
still holding the previous data. In case of overflow, 
the data in SSPSRis lost. Overflow can only occur 
in slave mode. The user must read the SSPBUF, 
even if only transmitting data, to avoid setting 
overflow. In master mode overflow bit is not set 
since each new reception (and transmission) is 
initiated by writing to SSPBUF. 


In C modes: 
1=A byte is received while the SSPBUF is still 
holding the previous byte. 


SSPOV is a don't care in transmit mode. 
SSPOV must be cleared in software in either mode. 


WCOL: Write collision detect. 

1= the SSPBUF register is written while it is still 
transmitting the previous word. 
Must be cleared in software. 

0 = No collision 
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11.1 SPi Mode 


The SPI mode allows 8-bits of data to be synchronously 
transmitted and received simultaneously. To accom- 
plish communication, typically three pins are used: 


¢ Serial Data Out (SDO) 
e Serial Data In (SDI) 
e Serial Clock (SCK) 


Additionally a fourth pin may be used when in a slave 
mode of operation: 


e Slave Select (SS) 


When initializing the SPI, several options need to be 
specified. This is done by appropriately programming 
the control bit in the SSPCON register (SSPCON<5:0>). 
These control bits allow the following to be specified: 


e Master Mode (SCK is the clock output) 

e Slave Mode (SCK is the clock input) 

e Clock Polarity (Output/Input data on the Rising/ 
Falling edge of SCK) 

e Clock Rate(Master mode only) 

e Slave Select Mode (Slave mode only) 


The SSP consists of a transmit/receive Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, while the 
SSPBUF holds the data that was written to the SSPSR, 
until the received data is ready. Once the 8-bits of data 
have been received, that information is moved to the 
SSPBUF register, the Buffer Full (BF) bit 
(SSPSTAT <0>) and the SSPIF bit are set. This double 
buffering of the received data (SSPBUF), allows the next 
byte to start reception before reading the data that was 
received. Any write to the SSPBUF register during 
transmission/reception of data will be ignored, and the 
write Collision detect (WCOL) bit (SSPCON<7>) will be 
set. User software must clear the WCOL bit so that itcan 
be determined if the following write(s) to the SSPBUF 
completed successfully. When the application software 
is expecting to receive valid data, the SPPBUF should 
be read before the next byte of data to transfer is written 
to the SSPBUF. The Buffer Full (BF) bit (SSPSTAT<0>) 
indicates when the SSPBUF has been loaded with the 
received data (transmission is complete). When the 
SSPBUF is read, the BF bit is cleared. This data may be 
irrelevant if the SPI is only a transmitter. Generally the 
SSP Interrupt is used to determine when the transmis- 
sion/reception has completed. The SSPBUF can then 
be read (if data is meaningful) and/or the SSPBUF 
(SSPSR) can be written. If the interrupt method is not 
going to be used, then software polling can be done to 
ensure that a write collision does not occur. Example 11-1 
shows the loading of the SSPBUF (SSPSR) for data 
transmission. The instructions with the comment fields 
beginning with ;*** are only required if the received data 
is meaningful. | 


EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 


LOOP BSF STATUS, RPO ;Specify Bank 1 
BIFSS SSPSTAT, BF ;Has data been 
;received 
; (transmit complete) ? 
GOTO LOOP ;No 
BCF STATUS, RPO ;Specify Bank 0 
MOVF SSPBUF, W 7;W reg = contents 
>of SSPBUF 
;*** Save in user RAM 
;W reg = contents of 
; TXDATA 
;New data to xmit. 


MOVWF RXDATA 
MOVF TXDATA, W 


MOVWF SSPBUF 


The block diagram of the SSP module, when in SPi 
mode (Figure 11-3), shows that the SSPSR is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPSTAT) indicates the various 
status conditions. 


FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPI MODE) 


internal 


E 


ig 
| __ssPsk | 


SDI bitd 
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SDO 


TRISA<5> 


Edge 
Select 


Clock select 


SSPM<3:0> 
Timer2 output 


- . 
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Toy 
Data to Tx/Rx in SSPSR 
TRISC<3> 
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To enable the serial port, the SSP enable bit (SSPEN) 


must be set. This configures the SDI, SDO, SCK, and 
SS pins as serial port pins. For the pins to behave as the 
serial port function, they must have their data direction 
bits (in the TRISC register) appropriately programmed. 
That is: | 


¢ SDI must have TRISC<4> set 
e SDO must have TRISC<5> cleared 


SCK (Master mode) must have TRISC<3> cleared. 


SCK (Slave mode) must have TRISC<3> set 
¢ SS must have TRISA<5> set 


Any serial port function that is not desired may be 
overridden by programming the corresponding data 
direction (TRIS) register to the opposite value. An ex- 
ample would be in master mode where you are only 
sending data (to a display driver), then both SDI and SS 
could be used as general purpose inputs by clearing 
their corresponding TRIS register bits. 


Figure 11-4 shows a typical connection between two 
microcontrollers. The master controller (Processor 1) 
initiates the data transfer by sending the SCK signal. 
Data is shifted out of both shift registers on their pro- 
grammed clock edge, and latched on the opposite edge 
of the clock. Both processors should be programmed to 
same Clock Polarity (CKP), then both controllers would 
send and receive data at the same time. Whether the 


data is meaningful (or dummy data) depends on the | 
application software. This leads to three scenarios for _ 


data transmission: 


e Master sends data — Slave sends dummy data | 
e Master sends data — Slave sends data 
° Master sends dummy data — Slave sends data 


FIGURE 11-4: SPI MASTER / SLAVE CONNECTION 


SPI Master SSPM<3:0> = 0Oxxb ; 
SDO! - 


Serial Input Buffer 
(SSPBUF) 


Shift Register 
(SSPSR) 





The master can initiate the data transfer at any time 
because it controls the SCK. How the master knows 
when the slave (Processor 2) wishes to broadcast data 
is determined by the software protocol 


In master mode the data is transmitted/received as 
soon as the SSPBUF is written to. If the SPI is only going 
to receive, the SCK output could be disabled (pro- 
grammed as an input). The SSPSR register will con- 
tinue to shift in the signal present on the SDI pin at the 
programmed clock rate. As each byte is received, it will 
be loaded into the SSPBUF as if a normal received byte 
(interrupts and status bits appropriately set). This could 
be useful in receiver applications as a “line activity 
monitor” mode. 


in slave mode, the data is transmitted and received as 
the external clock pulses appear on SCK. When the last 
bit is latched the interrupt flag (SSPIF) is set (PIR1<3>). 


The clock polarity is selected by appropriately program- 
ming the CKP bit (SSPCON<4>). This then would give 
waveforms for SPI communication as shown in 
Figures 11-5 and 11-6. In master mode the SPI clock 
rate (bit rate) is user programmable to be one of the 
following: | 


OSC / 4 (or Tcy) 

OSC / 16 (or 4 © Tcy) 
OSC / 64 (or 16 © Tcy) 
Timer2 output / 2 


This allows a maximum bit clock frequency (at 20 MHz) 
of 5 MHz. When in slave mode the external clock must 
meet the minimum high and low times as specified in 
timing parameters 71 and 72. 


SPI Slave SSPM<3:0> = 010xb 


| Serial Input Buffer | — 
_ (SSPBUF) : 
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The SS pin allows a synchronous slave mode. The SPI 
must be in slave mode (SSPCON<3:0> = 04h) and the 
TRISA<5> bit must be set the for the synchronous slave 
mode to be enabled. When the SS pin is low, transmis- 
sion and reception are enabled and the SDO pin is 
driven. When the SS_ pin goes high, the SDO pin is no 
longer driven, even if in the middle of a transmitted byte, 
and becomes a floating output. External pull-up / pull- 


down resisters may be desirable, depending on the 
application. 


To emulate 2-wire communication, the SDO pin can be 
connected to the SDI pin. When the SPI needs to 
operate as a receiver the SDO pin can be configured as 
an input. This disables transmissions from the SDO. The 
SDI can always be left as an input (SDI function) since 
it cannot create a bus conflict. 


FIGURE 11-5: SP! MODE TIMING (MASTER MODE OR SLAVE MODE W/O SS CONTROL) 


SSPIF 
interrupt flag 





TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION 





Address 


0B/8B INTCON 












<a 
a 
p14 | 
[oe [ssesrar | — | 













po SSP 
| — | SSPIE 


SSPBUF — Synchronous Serial Port Receive Buffer/Transmit Register 
SSPCON wcot_| sspov | ssPEN | cKp_| sspm3 | sspm2_| sspmi | SSPMO_ 





Legend — = Unimplemented locations, Read as '0' Note: Shaded boxes are not used by SSP module in SPI mode. 
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11.2 FC Overview 


This section gives an overview of the Inter-IC (l?C) bus, 
with Section 11.3 discussing the operation of the SSP 
module in I?C mode. The Inter-IC (I?C) bus is a two-wire 
serial interface developed by Philips/Signetics™. The 
original specification, or standard mode, was for data 
transfers of up to 100-Kbps. An enhanced specification, 
or fast mode, supports data transmission up to 400 
Kbps. Both standard mode and fast mode devices will 
inter-operate if attached to the same bus. 


The I?C interface employs a comprehensive protocol to 
ensure reliable transmission and reception of data. 
When transmitting data, one device is the “master” 
(generates the clock), while the other device(s) acts as 
the “slave”. All Portions of the slave protocol are imple- 
mented in the SSP module’s hardware, while portions 
of the master protocol will need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 
l2C-bus terminology. For additional information on the 
I2C interface specification, please refer to the Philips/ 
Signetics™ document “ The I?C-bus and how to use it”. 
The order number for this document is 98-8080-575. 


Inthe I?C interface protocol each device has an address. 
When a master wishes to initiate a data transfer, it first 
transmits the address of the device that it wishes to “talk” 
to. All devices “listen” to see if this is their address. Within 
this address, a bit specifies if the master wishes to read 
/ write from / to the slave device. The master and slave 
are always in opposite modes (transmitter/receiver) of 
operation during a data transfer. That is they can be 
thought of operating in either of these two relations: 


e WMaster-transmitter and Slave-receiver 
e Slave-transmitter and Master-receiver 


In both cases the master generates the clock signal. 


The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain or open-collector in order 
to perform the wired-AND function of the bus. External 
pull-up resistors are used to ensure a high level, when no 
device is pulling the line down.. The number of devices 
that may be attached to the I?C bus is limited only by the 
maximum bus loading specification of 400 pF. 


TABLE 11-2: P?C-BUS TERMINOLOGY 











Term Description a 
Transmitter The device that sends the data to the bus 


The device that receives the data from the bus 


nie The device which initiates the transfer, generates the clock, and terminates the transfer 
The device addressed by a master 


More than one master device in a system. These masters can attempt to control the bus at the same 
_time without corrupting the message 

Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensures that 
the transfer data does not get corrupted. 


Synchronization} Procedure where the clock signals of two or more devices are synchronized. 








11.2.1. INITIATING AND TERMINATING DATA 
_ TRANSFER 


During times of no data transfer (idle time), both the 
clock line (SCL) and the data line (SDA) are pulled high 
through the external pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 
to low transition of the SDA when the SCL is high. The 
STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans- 
fer. Due to the definition of the START and STOP 
conditions, when data is being transmitted the SDA line 
can only change state when the SCL line is low. 


FIGURE 11-7: START AND STOP 


CONDITIONS 


Change 
Condition of Data 
Allowed 
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11.2.22 ADDRESSING I?C DEVICES 


There are two address formats. The simplest is the 7-bit 
address format with a R/W bit (see Figure 11-8). The 
more complex is the 10-bit address with a R/W bit (see 
Figure 11-9). For 10-bit address format, two bytes must 
be transmitted with the first five bits specifying this to be 
a 10-bit address. 


FIGURE 11-8: 7-BIT ADDRESS FORMAT 


MSB LSB 


Pl ehindkatoere 


L slave address __| Sent by 


- Start Condition Slave 
Read/Write pulse 
Acknowledge 


FIGURE 11-9: PC 10-BIT ADDRESS FORMAT 


1S]11110 A9A8 RWIACKIA7 AG A5 A4 A3 A2 Ai AO|ACK 


sent by slave 
= 0 for write 


S _ - Start Condition 


R/W - Read/Write Pulse 
ACK - Acknowledge 


FIGURE 11-11: A DATA TRANSFER 


Saas | 





11.2.3. TRANSFER ACKNOWLEDGE 


Alldata must be transmitted per byte, with no limit to the 
number of bytes transmitted per data transfer. After 
each byte, the slave-receiver generates an acknowl- 
edge bit (ACK ). This is shown in Figure 11-10. Whena 
slave-receiver doesn’t acknowledge the slave address 
or received data, the master must abort the transfer. The 
slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7). 


FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 


Data fj 
Transmitter |! ze 
not acknowledge 


Data nn 
Output by | 


t 
Receiver | 1 
i ot acknowledge 
| 
I 


ue NTN Ncefe\ /o\. 
Master 1 2 -- 8 9 


I 
| | 
i 
iS4 
Start Clock pulse for 
Condition acknowledgement 





If the master is receiving the data (master-receiver), it 
generates an acknowledge signal for each received 
byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, the master does not 
generate an acknowledge (not acknowledge). The slave 
then releases the SDA line so the master can generate 
the STOP condition. The master can also generate the 
STOP condition during the acknowledge pulse for valid 
termination of data transfer. 


If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move the 
received data or fetch the data it needs to transfer before 
allowing the clock to start. This wait state technique can 
also be implemented at the bit level. Figure 11-11 
shows a data transfer waveform. 


TCR a> Ge Gp GE Gan Cae an Sa Gan Gia 





acknowledgement 
signal from receiver 


acknowledgement 


byte complete. : : 
yt P signal from receiver 


interrupt with receiver 


clock line held low while 


interrupts are serviced 


R/V ACK Wait ACK Condition 
State 


Condition Address 
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Figures 11-12 and 11-13 show Master-transmitter and is high), but occurs after a data transfer acknowledge 
Master-receiver data transfer sequences. pulse (not the bus-free state). This allows a master to 
: send “commands” to the slave and then receive the 
requested information or to address a different slave 
device. This sequence is shown in Figure 11-14. 


When a master does not wish to relinquish the bus (by 
generating a STOP condition), a repeated START con- 
dition (Sr) must be generated. This condition is identical 
to the start condition (SDA goes high-to-low while SCL 


FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 


For 7-bit address: For 10-bit address: 


"0" (write) data transferred 
(n bytes - acknowledge) 
A master transmitter addresses a slave receiver with a 
7-bit address. The transfer direction is not changed. 


A = acknowledge (SDA low) | 
From masterto slave A= not acknowledge (SDA high) 
S = START condition A master transmitter addresses a slave receiver with a 
CJ From slave to master p= STOP condition 10-bit address. 


.(read). data transferred 
(n bytes - acknowledge). 


A master reads a slave immediately after the first byte. 


A = acknowledge (SDA low) 
From master to slave A= not acknowledge (SDA high) 


S = START condition A master transmitter addresses a slave receiver with a 
[_] From slave to master P= STOP condition 10-bit address. 





FIGURE 11-14: COMBINED FORMAT 


(read or write) 
(n bytes + acknowledge) 


sake 


(read) Sr = repeated (write) Direction of transfer 
START condition may change at this point 


Transfer direction of data and acknowledgement bits depends on R/W bits. 


Combined Format: 


(write) 


Combined format - A master addresses a slave with a 10-bit address, then transmits 
data to this slave and reads data from this slave. 


A = acknowledge (SDA low) 
1 From master to slave A= not acknowledge (SDA high) 
S = START condition 
[| From slave tomaster P=STOP condition 
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11.2.4 Multi-master 


The I?C protocol allows a system to have more than one 
master. This is called multi-master. When two or more 
masters try to transfer data at the same time, arbitration 
and synchronization occur. 


11.2.4.1 ARBITRATION 


Arbitration takes place on the SDA line, while the SCL 
line is high. The master which transmits a high when the 
other master transmits a low loses arbitration (see 
Figure 11-15), and turns off its data output stage. A 
master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing the same 
device, arbitration continues into the data. 


FIGURE 11-15: MULTI-MASTER 
ARBITRATION (2 MASTERS) 


transmitter 1 loses arbitration 
DATA 1 SDA 





Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
slave-receiver mode. This is because the winning mas- 
ter-transmitter may be addressing it. 


Arbitration is not allowed between: 


e Arepeated START condition 

e ASTOP condition and a data bit 

e Arepeated START condition and 
a STOP condition 


Care needs to be taken to ensure that these conditions 
do not occur. 





11.2.4.2 CLOCK SYNCHRONIZATION 


Clock synchronization occurs after the devices have 
started arbitration. This is performed using a wired-AND 
connection to the SCL line. A high to low transition on the 
SCL line causes the concerned devices to start counting 
off their low period. Once a device clock has gone low, 
it will hold the SCL line low until its SCL high state is 
reached. The low to high transition of this clock may not 
change the state of the SCL line, if another device clock 
is still within its low period. The SCL line is held low by 
the device with the longest low period. Devices with 
shorter low periods enter a high wait-state, until the SCL 
line comes high. When the SCL line comes high, all 
devices start counting off their high periods. The first 
device to complete its high period will pull the SCL line 
low. The SCL line high time is determined by the device 
with the shortest high period. This is shown in 
Figure 11-16. 


FIGURE 11-16: CLOCK SYNCHRONIZATION 


wait start counting 
HIGH period 
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11.3 SSP FC Operation 





The SSP module in [2C mode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications as well as 7-bit and 10-bit addressing. 
Two pins are used for data transfer. These are the 
RC3/SCK/SCL pin, which is the clock (SCL), and the 
RC4/SDI/SDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> bits. A block diagram of the SSP 
module in IC mode is shown in Figure 11-17. The SSP 
module functions are enabled by setting the SSP Enable 
(SSPEN) bit (SSPCON<5>). 


FIGURE 11-17: SSP BLOCK DIAGRAM 
(?}C MODE) 


internal 


Set, Reset 
S, P bits 
(SSPSTAT Reg) 


The SSP module has five registers for I2C operation. 
These are the: 


SSP Control Register (SSPCON) 

SSP Status Register (SSPSTAT) 

Serial Receive / Transmit Buffer (SSPBUF) 
SSP Shift Register (SSPSR) - Not directly 
accessible 

e Address Register (SSPADD) 





The SSPCON register allows control of the I?C opera- 
tion. Four mode selection bits (SSPCON<3:0>) allows 
one of the following I?C modes to be selected: 


e PC Slave mode (7-bit address) 

e {?C Slave mode (10-bit address) 

e C Slave mode (7-bit address), with 
master-mode support 

e ?C Slave mode (10-bit address), with 
master-mode support 

e ?C Master mode, slave is idle 


Selection of any 2C mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, 
provided these pins are set to inputs through the TRISC 
bits. 


The SSPSTAT register gives the status of the data 
transfer. This information includes detection of a START 
or STOP bit, specifies if the received byte was data or 
address, if the next byte is the completion of 10-bit 
address, and if this will be a read or write data transfer. 
The SSPSTAT register is read only. 


The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered re- 
ceiver. This allows reception of the next byte before 
reading the last byte of received data. When the com- 
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is re- 
ceived before the SSPBUF is read, a receiver overflow 
has occurred and the SSPOV bit (SSPCON<6s> is set. 


The SSPADD register holds the slave address. In 10-bit 
mode, the user needs to write the high byte of the 
address (1111 0A9A8 0). Following the high byte 
address match, the low byte of the address needs to be 
loaded (A7 - AO). 
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11.3.1 Slave Mode 


In slave mode, the SCL and SDA pins must be config- 
ured as inputs (TRISC<4:3> set). The SSP module will 
override the input state with the output data when 
required (slave-transmitter). 


When an address is matched or the data transfer from 
an address match is received, the hardware automati- 
cally will generate the acknowledge (ACK ) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 


There are certain conditions that will cause the SSP 
module notto give this ACK pulse. These are if either (or 
both): 


¢ The Buffer Full (BF) bit was set before the transfer 
was received. 


e The Overflow (SSPOV) bit was set before the transfer 
was received. 


In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared by reading the SSPBUF register while the 
SSPOV bit is cleared through software. 


The SCL clock input must have a minimum high and low 
for proper operation. The high and low times of the I?C 
specification as well as the requirement of the SSP 
module is shown in timing specifications #90 and 91. 


11.3.1.1 ADDRESSING 


Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the 8-bits are shifted into the SSPSR. 
Allincoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1> is compared to the 
SSPADD register. The address is compared on the 
falling edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SSPOV bits are clear, 
the following things happen: 


° SSPSR loaded into SSPBUF 
° Buffer Full (BF) bit is set 


e ACK pulse is generated 
e SSP Interrupt Flag (SSPIF) is set (interrupt is gener- 


ated if enabled) - on falling edge of ninth SCL pulse 


In 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the first address byte, specify 


if this is a 10-bit address. The R/W bit (bit) must specify 
a write, so the slave device will receive the second 
address byte. For a 10-bit address the first byte would 
equal ‘1111 0A9A80’, where AQ and A8 are the two 
MSbs of the address. The sequence of events for 10-bit 
address are as follows, with steps 7-9 for slave-transmit- 
ter: 


1. Receive first (high) byte of Address (SSPIF, BF and 
UA are set) 

2. Update SSPADD with second (low) byte of Address 

(clears UA and releases SCL line) 

. Read SSPBUF (clears BF) and clear SSPIF 

4. Receive second (low) byte of Address (SSPIF, BF 
and UA are set) 

5. Update SSPADD with first (high) byte of Address 
(clears UA, if match releases SCL line) 

6. Read SSPBUF (clears BF) and clear SSPIF 

7. Receive Repeated START condition 

8. Receive first (high) byte of Address (SSPIF and BF 
are set) 

9. Read SSPBUF (clears BF) and clear SSPIF 


Ww 


TABLE 11-3: DATA TRANSFER RECEIVED BYTE ACTIONS 


Status Bits as Data 
ad is Received 





SSPSR— SPBUF 


Set SSPIF bit 


Generate ACK (SSP Interrupt if 
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11.3.1.2 RECEPTION 


When the R/W bit of the address byte is clear and an 
address match occurs, the R/W bit of the SSPSTAT 
register is cleared. The received address is loaded into 
the SSPBUF. : 


When the address byte overflow condition exists then no 
acknowledge (ACK ) pulse is given. An overflow condi- 
tion is defined as either the BF bit (SSPSTAT<0>) is set 
or the SSPOV bit (SSPCON<6>) is set. 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 


byte. 


FIGURE 11-18: ?}C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 


SSPIF (PIR1<a> . Bus Master 


terminates 
transfer 


BF (SSPSTAT<0>) 
Cleared in software 
SSPBUF is read 
SSPOV (SSPCON<6>) 


SSPOV is set 4 
because SSPBUF is 
still full. ACK is not sent. 
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11.3.1.3 TRANSMISSION 


When the R/W bit of the address byte is set and an 
address match occurs, the R/W bit of the SSPSTAT 
register is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
_ loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled by 
setting the CKP bit (SSPCON<4>). The eight data bits 
are shifted out on the falling edge of the SCL input. This 
ensures that the SDA signal is valid during the SCL high 
time (see Figure 11-19). 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. The SSPIF bit is set on the falling edge of the ninth 
clock pulse. 


As a slave-transmitter, the ACK pulse from the master- 
receiver is latched on the rising edge of the ninth SCL 
input pulse. If the SDA line was high (not ACK ), then the 
data transfer is complete. The slave then monitors for 
another occurrence of the START bit. Ifthe SDA line was 
low (ACK ), the transmit data must be loaded into the 
SSPBUF register, which also loads the SSPSR register. 
Then the SCL pin should be enabled by setting the CKP 
bit (SSPCON<4>). 


FIGURE 11-19: FC WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS) 


Receiving Address 
[a7 X A6 X a5 X a4 X AB X AZ X AI ) 
' Data in 
1 sampled 


es acs Gree | 


SSPIF (PIR1<3>) 


BF (SSPSTAT<0>) 


CKP (SSPCON<4>) 


SCL held low ; 
while CPU 1 
responds to SSPIF : 

' 





Transmitting Data 


ees 


[7 


Cleared in software } From SSPIF interrupt 
SSPBUF is written in software J service routine 


Set bit after writing to SSPBUF 
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11.3.2 Master Mode 


Master mode of operation is supported by interrupt 
generation on the detection of the START and STOP 
conditions. The STOP (P)and START (S) bits are cleared 
from a reset or when the SSP module is disabled. 
Control of the IC bus may be taken when the P-bit is set, 
or the bus is idle and both the S- and P-bits are cleared. 


in master mode the SCL and SDA lines are manipulated 
by changing the corresponding TRISC<4:3> bit(s) to an 
output (cleared). The output level is always low, irre- 
spective of the value(s) in PORTC<4:3>. So when 
transmitting data, a “1” data bit must have the TRISC<4> 
bit set (input) and a “0” data bit must have the TRISC<4> 
bit cleared (output). The same scenario is true for the 
SCL line with the TRISC<3> bit. 


The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 


e START condition 
e STOP condition 
e Data transfer byte transmitted/received 


Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 
enabled, the software needs to differentiate the source(s) 
of the interrupt. | 


11.3.3 Multi-master Mode 


In multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P)and 
START (S) bits are cleared from areset or when the SSP 
module is disabled. Control of the IC bus may be taken 
when the P bitis set, or the bus is idle and both the S and 
P bits are cleared. When the bus is busy, enabling the 
SSP Interrupt will generate the interrupt when the stop 
condition occurs. 


in multi-master operation, the SDA line must be moni- 
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and SCL 
lines (set TRISC<4:3>). There are two stages where this 
arbitration can be lost, these are: 


e Address Transfer 
. Data Transfer 


When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans- 
fer stage, the device may be being addressed. If ad- 


dressed an ACK pulse will be generated. If arbitration 


was lost during the data transfer stage, the device will 
need to re-transfer the data at a later time. 


TABLE 11-4: REGISTERS ASSOCIATED WITH I?C OPERATION 





0B/8B INTCON 








Legend — = Unimplemented locations, Read as '0' 


Note: Shaded boxes are not used by the SSP module in ?C mode. 


Eds 4 SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 





RN 28 
ER 8 


SSPADD Synchronous Serial Port (I?@ mode) Address Register 


rssrcon | woor_| sspov | sapen | oxp | sspu_ 
fssrsrar | — | — | om |e | s 


| sspm2 | sspmi | sspMo_| 
LR | uA | BF 
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FIGURE 11-20: OPERATION OF THE I?}C MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE 


IDLE_MODE (7-bit): 
if (Addr_match) { Set interrupt; 
if (RAW =1) {Send ACK =0; 
set XMIT_MODE; 


} 
else if (R/W = 0) set RCV_MODE; 


RCV_MODE: 

if (SSPBUF=Full) OR (SSPOV = 1)) 
{Set SSPOV; 
Do not acknowledge; 
} 

else {transfer SSPSR > SSPBUF; 
send ACK =0; 
} 

Receive 8-bits in SSPSR; 

Set interrupt; 





XMIT_MODE: 

While ((SSPBUF = Empty) AND (CKP=0)) Hold SCL Low; 
Send byte; 

Set interrupt; . 

if (ACK Received = 1) {End of transmission; 


Go back to IDLE_MODE; 


} 
else if (ACK Received=0) Go back to XMIT_MODE; 


IDLE_MODE (10-Bit): 
If (High_byte_addr_match AND (R/W = 0)) 
{ PRIOR_ADDR_MATCH = FALSE; 
Set interrupt; 
if (SSPBUF = Full) OR ((SSPOV = 1)) 
{ Set SSPOV; 
Do not acknowledge; 
} 
else { Set UA=1; 
Send ACK =0; 
While (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 
Receive Low_addr_byte; 
Set interrupt; 
Set UA = 1; 
If (Low_byte_addr_match) 
{ PRIOR_ADDR_MATCH = TRUE; 


Send ACK =0; 

while (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 

Set RCV_MODE; 


} 


} 
} ee 
else if (High_byte_addr_match AND (R/W = 1) 
{ if (PRIOR_ADDR_MATCH) 
{ send ACK = 0; 
set XMIT_MODE; 
} : 
else PRIOR_ADDR_MATCH = FALSE; 
} 
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12.0 SPECIAL FEATURES OF THE 
CPU 


What sets apart a microcontroller from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16CXX family has a host of such 
features intended to maximize system reliability, mini- 


mize cost through elimination of external components, 


provide power saving operating modes and offer code 
protection. These are: 


1. OSC selection 

2. Reset 
Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 

. Interrupts . 

. Watchdog Timer (WDT) 

SLEEP 

. Code protection 

. In-circuit serial programming 


NOOR W 


FIGURE 12-1: CONFIGURATION WORD 


| descr 
13 






















pwate | wore |rosc1 | Fosco | |Register: FUSES |R/W: Readable & 
Address: 2007h writable 


~ The PIC16CXX has a Watchdog Timer which can be 


shut off only through EPROM fuses. It runs off its own 
RC oscillator for added reliability. There are two timers 
that offer necessary delays on power-up. One is the 
oscillator start-up timer (OST), intended to keep the chip 
in reset until the crystal oscillator is stable. The other is 
the Power-up Timer (PWRT), which provides a fixed 
delay of 72ms (nominal) on power-up only, designed to 
keep the part in reset while the power supply stabilizes. 
With these two timers on-chip, most applications need 
no external reset circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake-up from SLEEP 
through external reset, Watchdog Timer timeout or 
through an interrupt. Several oscillator options are also 
made available to allow the part to fit the application. The 
RC oscillator option saves system cost while the LP 
crystal option saves power. A set of EPROM configura- 
tion bits (fuses) are used to select various options. 


12.1 Configuration Fuses 


The PIC16CXX has six configuration fuses which are 
EPROM bits. These fuses can be programmed (read as 
'0') or left unprogrammed (read as '1') to select various 
device configurations. These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
test/configuration memory space (2000h - 3FFFh), which 
can be accessed during programming. 







bitd R: Read only 


FOSC<1:0>: OSC selection fuses. 


11: RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WDT enable fuses. 


1 = WDT enabled 
0 = WDT disabled 


PWRTE: Power-up timer enable fuses. 





1 = power-up time enabled 
0 = power-up timer disabled 


CP<1:0>: Code protection fuses. 


11: Code protection off 

10: Upper half of programmemory code 
protected 

01: Upper 3/4th of program memory code 
protected 

00: All memory is code protected 


RESERVED: Read as 1 before programming 
and 0 after programming. 


Unimplemented, read as 1. 
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12.2 Oscillator Configurations TABLE 12-1: CAPACITOR SELECTION 


FOR CERAMIC RESONATORS 
12.2.1 OSCILLATOR TYPES 


The PIC16CXX can be operated in four different oscilla- Oscillator Resonator Capacitor Range 
tor options. The user can program two configuration bits Type Frequency C1=C2 


(FOSC1 and FOSC0) to select one of these four modes: 





¢ LP Low Power Crystal XT 455 KHz 150 - 330 pF 
° XT Crystal 2.0 MHz 20 - 330 pF 
¢ HS High Speed Crystal 4.0 MHz 20 - 330 pF 
¢ RC Resistor/Capacitor | HS | 8.0MHz | 20 - 200 pF 
12.2.2 CRYSTAL OSCILLATOR /CERAMIC Higher capacitance increases the stability of oscillator but 
= RESONATORS also increases the start-up time. These values are for 
design guidance only. Since each resonator has its own 
In XT, LP or HS modes a crystal or ceramic resonator is characteristics, the user should consult the resonator manu- 
éenheced to the OSC1 and OSC2 pins to establish facturer for appropriate values of external components. 





oscillation (Figure 12-2). The PIC16CXX Oscillator 
design requires the use of a parallel cut crystal. Use of 
a series cut crystal may give a frequency out of the TABLE 12-2: CAPACITOR SELECTION 


crystal manufacturers specifications. When in XT, LP or FOR CRYSTAL OSCILLATOR 
HS modes, the device can have an external clock source 


to drive the OSC1 pin. This is shown in Figure 12-3. 


FIGURE 12-2: CRYSTAL OPERATION 32 KHz§ 
(OR CERAMIC RESONATOR) 100 KHz 
(HS, XT OR LP OSC 200 KHz 
CONFIGURATION) 100 KHz 200 - 300 pF 


200 KHz 100 - 200 pF 
455 KHz 15 - 100 pF 
1 MHz 15 - 30 pF 
2 MHz 
4 MHz 


-— 
To intemal 
logic 


Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. Rs may be required in HS mode as 
well as XT mode to avoid overdriving crystals with low drive 
level specification. Since each crystal has its own charac- 
teristics, the user should consult the crystal manufacturer 
for appropriate values of external components. 


See Tables 12-1 and 12-2 for recommended values of C1 
and C2. 


Note1: A series resistor may be required for AT strip cut 
crystals. 





§ For Vop > 4.5V, C1 = C2 = 30pf is recommended. 


FIGURE 12-3: EXTERNAL CLOCK INPUT | 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


Clock from OSC1 
ext. system PIC16CXX 


OSC2 
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12.2.3. EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT. -% 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types of 
crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 


Figure 12-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the 
fundamental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a 
parallel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 10 kQ potenti- 
ometer biases the 74AS04 in the linear region. This 
could be used for external oscillator designs. 


FIGURE 12-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


PIC16CXX 


20 pF L 20 pF 


Figure 12-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental 
frequency of the crystal. The inverter performs a 180- 
degree phase shift in a series resonant oscillator circuit. 
The 330-Q resistors provide the negative feedback to 
bias the inverters in their linear region. 


FIGURE 12-5 : EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC16CXX 


CLKIN 








12.2.4 RC OSCILLATOR 


For timing insensitive applications the "RC" device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 12-6 shows how the R/C combination is con- 


‘nected to the PIC16CXX. For Rext values below 2.2 


kOhm, the oscillator operation may become unstable, or 
stop completely. For very high Rext values (e.g. 1 
MOhm), the oscillator becomes sensitive to noise, hu- 
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. : 


See Section 17.0 for RC frequency variation from part to 
part due to normal process variation. The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See Section 17.0 for variation of oscillator frequency due 
to Vop for given Rext/Cext values as well as frequency 
variation due to operating temperature for given R, C, 
and VDD values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3-2 for wave- 
form). 


FIGURE 12-6: RC OSCILLATOR MODE 


Internal 
clock 


PIC16CXX 


~OSC2/CLKOUT 
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12.3 Reset 


The PIC16CXX differentiates between various kinds of 
reset: 


a) Power-On Reset (POR) 


b) MCLR Reset during normal operation 

3 MCLR reset during SLEEP 

d) WOT time-out reset during normal operation 
e) WOT time-out reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on power-on reset (POR), on MCLR or WDT reset 
during normal operation and on MCLR reset during 
SLEEP. They are not affected by a WDT reset during 
SLEEP, since this reset is viewed as the resumption of 
normal operation. TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 12-4. These bits are used in software to determine 
the nature of reset. See Table 12-6 for a full description 
of reset states of all registers. 


A simplified block diagram of the on-chip reset circuit is 
shown in Figure 12-7. 


12.4 Power-On Reset (POR), Power-Up-Timer 


(PWRT) and Oscillator Start-up Timer 
(OST) 


12.4.1 Power-On Reset (POR) 


A Power-On Reset pulse is generated on-chip when Vop 
rise is detected (in the range of 1.6V - 1.8V). To take 
advantage of the POR, just tie MCLR pin directly (or 
through a resistor) to VoD. This will eliminate external 
RC components usually needed to create Power-On 
Reset. A minimum rise time for VoD is required. See 
Electrical Specifications for details. 


The POR circuit does not produce internal reset when 
Vop declines. 


12.4.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72ms time-out on 
power-up only from POR. The power-up timer operates 
on an internal RC oscillator. The chip is kept in reset as 
long as PWRT is active. The PWRT delay allows the 
Vop to rise to an acceptable level. A configuration fuse, 
PWRTE can enable (if set) or disable (if cleared or 
programmed) the power-up timer. 


The Power-Up Time delay will vary from chip to chip and 
due to VDD and temperature. See the DC Parameters 
section for details. 


FIGURE 12-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


External 
Reset 


o>e 
WDT 
Module 


Vop rise 
detect 


SLEEP 
WDT 


Time_Out_Reset 
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ic 10 bit Ripple counter — 
On-chip + PeRee 
RC OSC > 10 bit Ripple counter 


Enable PWRT ze 


Enable OST 


on 
ay 


Chip_Reset 


aie 


POWER_UP AND PWRTE 
(Enable the PWRT timer 
only if it is power_up and power_on timer fuse is enabled.) 


— ‘ POWER_UP +WAKE_UP) (XT + LP + HS) 
t This is a separate oscilator from the Enable the OST if it is power_up or wake_up 


RC oscillator of the CLKIN pin. 
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12.4.3 OSCILLATOR START-UP TIMER (OST) 


The Oscillator Start-Up Timer (OST) provides 1024 
oscillator cycle (from OSC1 input) delay after the PWRT 
delay is over. This guarantees that the crystal oscillator 
or resonator has started and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 


12.4.4 TIME-OUT SEQUENCE - 


On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE fuse status. For 
example, in RC mode with PWRTE fuse cleared (PWRT 
disabled), there will be no time-out at all. Figures 12-8 
to 12-10 depict time-out sequences. 


TABLE 12-3: TIME-OUT IN VARIOUS 


SITUATIONS 
Oscillator 
Configuration 


Wake up from 
PWRTE = 1 PWRTE =0 SLEEP 


72 ms + 1024 tosc | 1024 tosc 
1024 tose | 


Since the time-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately 
(see Figure 12-9). This is useful for testing purposes or 
to synchronize more than one PIC16CXX device oper- 
ating in parallel. 


















Table 12-5 shows the reset conditions for some special 
registers, while Table 12-6 shows the reset conditions 
for all the registers. 7 | 


12.4.1 POWER CONTROL/STATUS REGISTER 
(PCON) 


The power control/status register, PCON (address 8Eh) 
has only one bit. . “8% 


Bit1 is POR (Power-on-reset). Itis cleared on power-on- 
reset and unaffected otherwise. The user must set this 
bit following power-on-reset. On a subsequent reset if 
POR is ‘cleared, it will indicate that a Power-On Reset 
must have occured (VDD may have gone too low). 


TABLE 12-4: STATUS BITS AND THEIR 
SIGNIFICANCE | 


at Power-on-reset 
ho | x, Illegal, TO is set on POR 
X 












Illegal, PD is set on POR 
WDT reset during normal operation 


xo 
oy al 
0 | 01 WDT timeout wakeup from SLEEP © 
Te 








MCLR reset during normal operation 


MCLR reset during SLEEP or 
interrupt wake-up from SLEEP 





TABLE 12-5: RESET CONDITION FOR SPECIAL REGISTERS 


PCL STATUS PCON 
Addr: 02h Addr: 03h Addr: 8Eh_ 


Power-On Reset 


MCLR reset during normal operation 


MCLR reset during SLEEP 000h 


WDT reset during normal operation 
WDT during SLEEP 


Interrupt wake-up from SLEEP 
Legend: u 


xX 


unchanged 
unknown 
unimplemented bit, reads as '0' 


0001 1xxx 


0001 Ouuu , 
0000 luuu 





Notes: 1. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
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TABLE 12-6: RESET CONDITION FOR REGISTERS 


Register Address | ¢ Power-on Reset ¢ MCLR Reset during: e Wake up from SLEEP 
- normal operation through interrupt 
- SLEEP e Wake up from SLEEP 
e¢ WDT timeout during normal through WDT timeout 
operation 


ee ee 
W uuuu uuuu uuuu uuuu 


INDE a ee 
uuuu uuuUu uuuu uuuU 


TMRO 

PC xi (3) 
STATUS wou? Faw) 
re 
—— Te 
ee] 


SR 

PORTA 
POR 
PORTC 
PORTD 


PORTE | __09h 


a 


0 


ee 
ee a 
ee oe 
SSPCON 
CoPRIL | 16h | sx woe | ——swuuu uuu SSS*dSOSCSC~CS 
COPIA | teh | sex oc [waa ww SC a 
GCPICON 
oe eee eee ee 
OPTION 

aah 

ean 


PCLAT 
INTCON 
PIR1 
TMRIL 
TMR1H 
T1CON 
TMR2 
T2CON 
SSPBUF 


r 


0 


11h 
1 
13h 


80h 
PC ah 
aah 


STATUS 


83h 
FSR Sg ee To I 
Pash tn aa] tS 
eek [aaa SiC 
TRISC 
[TRISD 
TRISE | 9h | 0000-111 | —~—-o000 -t2.—S~sSC~C~S 
POLAT 
[een 


TRISA 
TRISB 


a is 


rs 
Cc 
OF 
2 
B 


INTCON 
Se ra RANTS Oa ea EE) 
SSPADD 
SSPSTAT | 94h 


Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, 7? = value depends on condition 


Notes: 1. One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 
vector (0004h). 
3. See Table 12-5 for reset value for specific condition. 


h 
h 
h 
h 
h 
h 
h 


PCON 


7h 
8h 
A 
C 
2h 
3h 
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FIGURE 12-8 : TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpb): Case 1 
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FIGURE 12-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): Case 2 
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FIGURE 12-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vpb) 
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FIGURE 12-11: EXTERNAL POWER-ON RESET 
CIRCUIT (FOR SLOW Vop 
POWER-UP) 


MCLR 


PIC16CXX 

Notes: 

1. External power-on reset circuit is required only if 

VDD power-up slope is too slow. The diode D helps 
discharge the capacitor quickly when VDD powers 
down. 
R < 40KQ is recommended to make sure that 
voltage drop across R does not exceed 0.2V (max 
leakage current spec on MCLR pinis 5A). Alarger 
voltage drop will degrade ViH level on MCLR pin. 


. R1= 1009 to 1KQ will limit any current flowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 











FIGURE 12-12: BROWN-OUT PROTECTION 
CIRCUIT 1 


MCLR 


PIC16CXX 


Notes: 
1. This circuit will activate reset when VDD goes 
below (Vz + 0.7V) where Vz = Zener voltage. 


FIGURE 12-13: BROWN-OUT PROTECTION 
CIRCUIT 2 


MCLR 


PIC16CXX 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 


Vppe = 0.7V. 


fora if epee 
R1 + R2 
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12.5 Interrupts 
The PIC16C64 has eight sources of interrupt: 


e External interrupt RBO/INT | 

¢ RTCC timer/counter overflow interrupt 

e PortB change interrupts (pins RB<7:4>) 

e Timer1 overflow interrupt 

e Timer2 interrupt 

¢ CCP1 interrupt | 
e Sync serial port interrupt 

e Microprocessor port read/write interrupt 


The interrupt control register (INTCON, addr OBh) records 
individual interrupt requests in flag bits. It also has 
individual and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 


The RETFIE instruction allows user to return from 
interrupt and enable interrupt at the same time. 


The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 


The peripheral interrupt flags are contained in the spe- 
cial register PIR1 (OCh). The corresponding interrupt 
enable bits are contained in special registers PIE1 
(8Ch). | 


.When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interrupt flag bit(s) must be cieared in software before re- 
enabling interrupts to avoid recursive interrupts. 





FIGURE 12-14: INTERRUPT LOGIC 


Wakeup 
(if in SLEEP mode) 


Interrupt 
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TMR2IF 
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12.5.1 INT INTERRUPT 


External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or falling, 
if INTEDG bit is clear. When a valid edge appears on INT 
pin, the INTF bit (INTCON<1>) is set. This interrupt can 
be disabled by clearing the INTE control bit (INTCON<4>). 
INTF bit must be cleared in software in the interrupt 
service routine before re-enabling this interrupt. The 
INT interrupt can wake up the processor from SLEEP, if 
the INTE bit was set prior to going into SLEEP. The 
Status of the GIE bit decides whether or not the proces- 
sor branches to the interrupt vector following wake-up. 
See Section 12.8 for details on SLEEP and Figure 12-16 
for timing of wake-up from SLEEP through INT interrupt. 


12.5.2 TMRO INTERRUPT 


An overflow (FFh — OOh) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing TOIE (INTCON<5>) bit. For 
operation of the TMRO module, see Section 7.0. 


12.5.3 PORT RB INTERRUPT 


An input change on PORTB <7:4> will set the RBIF 
(INTCON<0>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing the RBIE (INTCON<é4>) bit. 
For operation of PORTB, see Section 5.2. 


FIGURE 12-15: INT PIN INTERRUPT TIMING 


12.6 Context Saving During Interrupts 


During an interrupt, only the return PC value is saved on 
the stack. Typically, users may wish to save key registers 
during an interrupt e.g. W register and status register. 
This will have to be implemented in software. 


EXAMPLE 12-1: SAVING W REGISTER AND 
STATUS IN RAM: 


push: movwf temp_w ; Saving Values 

swapf STATUS,W ; 

movwi temp_stat . 

: ; Interrupt 

: ; Service Routine 
pop: swapf temp_stat,W ;Restoring 

; Values 

movwf STATUS : 

swapf temp_w, F ;Do not want to 

swapf temp_w, W ; affect the 


2: z-bit 


ai | a2| a3] a4] ar| az2| as| as] ar| a2] as} as} ar! a2] as] aa] ar} a2| as] as 


OSC1 


CLKOUT(S) 
INT pin 


INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION FLOW 


Instruction 
fetched Inst (PC) 


Inst (PC + 1) 

Instruction 

aveeuted Inst (PC - 1) Inst (PC) 
Notes: 

1. INTF flag is sampled here (every Q1) 


Dummy cycie Dummy cycle 


Inst (0004h) Inst (0005h) 


Inst (0004h) 


2. Interrupt latency = 3-4 Tcy where Tcy = instruction cycle time. 
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 


3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 


5. INTF is enabled to be set anytime during the Q4-Q1 cycles. 
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12.7. Watchdog Timer (WDT) 


The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com- 
ponents. This RC oscillator is separate from the RC 
oscillator of the CLKIN pin. That means that the WDT will 
run, even if the clock on the OSC1 and OSC2 pins of the 
device has been stopped, for example, by execution of 
a SLEEP instruction. During normal operation, a WOT 
timeout generates a device RESET. If the device is in 
SLEEP mode, a WDT timeout causes the device to 
wake-up and continue with normal operation. The WDT 
can be permanently disabled by programming the con- 
figuration fuse WDTE as a '0' (Section 12.1). 


12.7.1 WDT PERIOD 


The WDT has a nominal time-out period of 18-ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT and 
the prescaler, if assigned to the WDT, and preventitfrom 
timing out and generating a device RESET condition. 


The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 


12.7.2 WOT PROGRAMMING CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (VoD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
time-out occurs. 


FIGURE 12-16: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source 
(see Figure 7-6) 


a 


Watchdog 1 
Timer 


WDT Enable 
EPROM Fuse 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register 





8-Bit Counter 


PSO - PS2 


To TMRO 
(see Figure 7-6) 


8 - to-1 MUX 
0 1 


MUX 


WDT 
Time-out 


FIGURE 12-17: SUMMARY OF WATCHDOG TIMER REGISTERS 






Address [Name | Bit? | Bite 





oc 
[si [orrion | reru | wreoa| rvs | re | psa | psa | psi | ps0 






| Bit2 | itt | Bite 
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12.8 Power-Down Mode (SLEEP) 


The Power-Down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timer will be cleared but keeps 
running, the PD bit in the STATUS register is cleared, 
the TO bit is set, and the oscillator driver is turned off. 
The I/O ports maintain the status they had, before the 
SLEEP command was executed (driving high, low, or hi- 
impedance). 


For lowest curent consumption in this mode, all !/O pins 
should be either at Vpp, or Vss, with no external circuitry 
drawing current from the I/O pin. I/O pins that are hi- 
impedence inputs should be pulled high or low externally 
to avoid switching currents caused by floating inputs. 
The RTCC input should also be at Vpp or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PortB should be considered. 


The MCLR pin must be at a logic high level (ViHMc). 


It should be noted that a RESET generated by a WDT 
time-out does not drive MCLR pin low. 


14.8.1 WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of the 
following events: 


1. External reset input on MCLR pin 

2. Watchdog timer time-out reset (if WOT was enabled) 

3. Interrupt from INT pin, RB port change, TMRO over- 
flow, or some Peripheral Interrupts. 


The following peripheral interrupts can wake-up from 
SLEEP: 


1. TMR1 interrupt. Timer1 must be operating as an 
asynchronous counter. 
2. SSP Start/Stop bit detect interrupt. 


3. CCP capture mode interrupt. 
4. Slave port read or write. 


Other peripherals can not generate interrupts since 
during SLEEP, no on-chip Q clocks are present. 


The first event will cause a device reset. The two latter 
events are. considered a continuation of program execu- 
tion. The TO and PD bits in the STATUS register. can 
be used to determine the cause of device reset. PD bit, 
which is set on power-up is cleared when SLEEP is 
invoked. TO bitis cleared if WDT time-out occurred (and 
caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GIE bit. If the GIE bit is clear 
(disabled), the device continues execution atthe instruc- 
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP instruction and the branches to the interrupt 
address (0004h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NoP after the SLEEP instruction. 





The WDT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 


FIGURE 12-18: WAKE-UP FROM SLEEP THROUGH INTERRUPT 


at | a2] a3 | a4 | ai | a2] a3 | as | ai] 


INTF flag 
(INTCON <t>) 


G 
(INTCON <7>) 


Instruction 


fetched | | inst (PC) = SLEEP inst (PC + 1) 


Instruction 
aieciiad Inst (PC - 1) SLEEP 


Notes: 
1. XT, HS or LP oscillator mode assumed 


Inst (PC + 2) 


Inst (PC + 1) 





2. tost = 1024 tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3. GIE = 1 assumed. In this case after wake up processor jumps to interrupt routine. 

If GIE = 0, execution will continue in line. 
4. CLKOUT is not available in these osc modes, but shown here for timing reference. 
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12.9 Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuses (CP<1:0>). 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 


in code-protected mode, the configuration word (2007h) 
will not be scrambled, allowing reading of all fuses. 


12.9.1 CODE PROTECTION FUSES: 


The PIC16/17 microcontroller code protection scheme 
has been enhanced. These enhancements allow the 
user to selectively code protect portions of the program 
memory. The two code protect fuses (CP<1:0>) allow 
the selection of the following code protection mappings: 


11 Program memory not code protected 
01 Upper 3/4 of program memory code protected 
(200h - 7FF) | 
10 Upper 1/2 of program memory code protecte 
-(400h - 7FF) 
00 Entire program memory code protected 


Any word of a protected memory section will read out a 
scrambled version as shown in Figure 12-17: 


FIGURE 12-19: PROTECTED MEMORY 
READ FORMAT 





13 7 6 a) 


0000 000 b6 b5 b4 b3 b2 b1 bO 


where b0 XNOR of bitO and bit7 of the 
program memory location. 


b1 XNOR of bit1 and bit8 of the 
programmemory location. 


XNOR of bit6 and bit13 of the 
program. 


The configuration word is not code protected, and there- 
fore noscrambling is done. Unprotected segments read 
normally. Once the program memory location(s) have 
been code protected, those memory locations can not 
be further programmed. 


12.9.2 VERIFYING A CODE-PROTECTED PART 


When code protected, verifying any program memory 
location will read a scrambled output which looks like 
"0000000xxxxxxx" (binary) where X is 1 or 0. To verify 
a device after code protection, follow this procedure: 


1. First, program and verify a good device without code 
protecting it. i 

2. Next, blow its code protection fuse and then load its 
contents in a file. 

3. Verify any code-protected PIC16C64 against this 
file. 





12.10 In-Circuit Serial Programming 


The PIC16CXX microcontrollers can be serially pro- 
grammed while in the end application circuit. This is 
simply done with two lines for clock and date and three 
other lines for power, ground and programming voltage. 
This allows customers to manufacture boards with un- 
programmed devices, and then program the 
microcontroller just before shipping the product. This 
allows the most recent firmware or a custom firmware to 
be programmed. 


The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (Vpp) pin from Vil to Vinh. RB6 becomes the 
programming clock and RB7 becomes the programming 
data. Both RB6 and RB7 are schmidt trigger inputs in 
this mode. 


After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location 00h. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com- 
mand was aload or aread. For complete details of serial 
programming, please refer to the PIC16C6X/7X Pro- 
gramming Specifications (Literature #DS30153). 


A typical in-system serial programming connection is 
shown in Figure 12-18. : 


FIGURE 12-20: TYPICAL IN-SYSTEM 
SERIAL PROGRAMMING 
CONNECTION 


To Normal 


External Connections 


Connector 
Signals 


PIC16CXX 


To Normal 
Connections 
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13.0 INSTRUCTION SET SUMMARY 


Each PIC16CXxX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 13-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 13-1 shows the 
opcode field descriptions. 


For byte-oriented instructions, "f* represents a file regis- 
ter designator and “d" represents a destination designa- 
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If “d" is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, “b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while “f" represents the number of the 
file in which the bit is located. 

For literal and control operations, "k" represents an 8- or 
11-bit constant or literal value. 


TABLE 13-1: OPCODE FIELD 
DESCRIPTIONS 


[Field | Description = 
Register file address (Ox00 to 0x7F) 


Working register (accumulator) 
Bit address within an 8 bit file register 
Literal field, constant data or label 
Don't care location (= 0 or 1) 
The assembler will generate code with x = 
0. It is the recommended form of use for 
with all software tools. 
Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 
label 
r 
PCLATH 
G 


OSs 

PC 
IE 

TO 






















WDT | Watchdog Timer Counter 
Time-out Bit 
Power-down Bit 


dest | Destination either the W register or the 
specified register file location 
Options 
( ) | Contents 

Assigned to 
Register bit field 
In the set of 

3 


italics 













The instruction set is highly orthogonal and is grouped 
into three basic categories: 

e Byte oriented operations 

Bit oriented operations 

Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 psec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 sec. 


Table13-2 lists the instructions recognized by the MPASM 
assembler. 


Figure 13-1 shows the three general formats that the 
instructions can have. 





All examples use the following format to represent a 
hexidecimal number: 

Oxhh 
where h signifies a hexidecimal digit. 


FIGURE 13-1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 8 7 6 0 


OPCODE | d{ {FILE #) 


d = 0 for destination W 
d = 1 for destination f 
f = 7-bit file register address 
Bit-oriented file register operations 
13 10 9 7 6 0 


OPCODE b(BIT #) {(FILE #) 


b = 3-bit bit address 
f = 7-bit file register address 


Literal and control operations 
13 8 7 0 


OPCODE k (LITERAL) 


k = 8-bit immediate value. 
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TABLE 13-2: INSTRUCTION SET 


Mnemonic, Description Cycles ea TT Bit Opcode Status 
Operands Affected 


BYTE-ORIENTED FILE REGISTER OPERATIONS 


Add W and f 

AND W and f 

Clear f 

Clear W 

Complement f 
Decrement f 

Decrement f, Skip if 0 
Incrementf 
Increment f, Skip if 0 
Inclusive OR W and f 
Move f 

Move W to f 

No Operation 

Rotate left f through carry 
Rotate right f through carry 
Subtract W from f 

Swap halves f 

Exclusive OR W and f 


affft f£ffF 
afff f£ff 
1f£££ £FLE 
Oxxx XXXX 
affft FFL 
qgfff f£fF£ 
affrft f£ff 
dffft fff 
adffrt f£ff 
adfff ££ff 
afff ££f£ 
1f£fEL ££CL 
Oxx0 0000 
afff f£ff 
agfff ffff 
afff f£FL 
agfff f£fFf 
agfff f£ff 


ee ee ee ee ee ee ee 


f 
f 
f 
f 
f 
f 
f, 
f 
f 
f 
f 
f 
f 
f 


Bit Clear f DELL LELE 
Bit Set f bfff ffff 
Bit Test f, Skip if Clear bfff ffff 
Bit Test f, Skip if Set b bfff fffFf 


Add literal to W 

AND literal to W 

Call subroutine 
CLRWDT Clear watchdog timer 
GOTO Go to address 
IORLW Inclusive OR literal to W 
MOVLW Move literal to W 
RETFIE Return from interrupt 
RETLW Return with literal in W 
RETURN Return from subroutine 
SLEEP Go into standby mode 
SUBLW Subtract W from literal 
XORLW Excl. OR literal to W 


kkkk kkkk 
kkkk kkkk 
kkkk kkkk 
0110 0100 
kkkk kkkk 
kkkk kkkk 
kkkk kkkk 
0000 1001 
kkkk kkkk 
0000 1000 
0110 0011 
kkkk kkkk 
kkkk kkkk 





— —— PPP =| =~ Ps POA a 


Notes: 1. When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1) the value used will be that value present on 
the pins themselves. For example, if the data latch is "1" for a pin configured as input and i is driven low by an external device, 
the data will be written back with a ‘0’. 
2. If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared if assigned to 
the TMRO. 
3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is 
executed as a NOP. 
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13.1. Instruction Descriptions 


ADDLW Add Literal to W 
Syntax: [label] ADDLW_ k 
Operands: 0<k< 255 
Operation: (W)+k—>W 


Status Affected: C, DC, Z 


Encoding 
Description: The contents of the W register are 
added to the 8-bit literal “k” and the 
result is placed in the W register. 
Words: 1 
Cycles: 1 
Example: ADDLW 0x15 
Before Instruction 
W = 0x10 
After Instruction 
W = 0x25 
ADDWE ADD W tof 
Syntax: [ label] ADDWF fd 
Operands: 0<f<127 
de [0,1] 
Operation: (W) + (f) — (dest) 


Status Affected: C, DC, Z 


ANDLW AND Literal and W 


Syntax: [label] ANDLW_ k 
Operands: 0<k<255 
Operation: (W) .AND. (k) — W 


Status Affected: Z 


Encoding: 
Description: The contents of W register are AND’ed 
with the 8-bit literal “k”. The result is 
placed in the W register. 
Words: 1 
Cycles: 1 
Example: ANDLW Ox5F 
Before Instruction 
W = OxA3 
After Instruction 
W = 0x03 


ANDWE AND W with f 


Syntax: [ label] ANDWF fd 
Operands: 0<f<127 

de [0,1] 
Operation: (W) .AND. (f) — dest 


Status Affected: Z 





Encoding: [00 | o1ia| aeee|eece ] Encoding. © [_00 | o1oa | aeee] cere 
Description: Add the contents of the W register to Description: AND the W register with register ‘Tt. If 
register “f’. If “d” is 0 the result is “d” is O the result is stored in the W 
stored in the W register. If “d” is 1 the register. If “d” is 1 the result is stored 
result is stored back in register ‘“f’. back in register “f’. 
Words: 1 Words: 1 
Cycles: 1 Cycles: 1 
Example: ADDWF FSR, 0 Example: ANDWF FSR, 1 
Before Instruction Before Instruction 
W = Oxi7 W = Ox17 
FSR = OxC2 FSR = 0xC2 
After Instruction After Instruction 
W = OxD9 W = 0x17 
FSR = OxC2 FSR = 0x02 
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BCF Bit Clear f 

Syntax: [label] BCF f,b- 

Operands: O<f< 127 
 Osbs7 

Operation: 0 > f<b> 


Status Affected: None 





Encoding: 
Description: Bit “b” in register “f” is reset to 0. 
Words: 1 
Cycles: | 1 
Example: BCF FLAG_REG, 7 
Before Instruction 
FLAG_REG = OxC7 
After Instruction 
FLAG_REG = 0x47 
BSE Bit Set f 
Syntax: [ label] BSF f,b 
Operands: O<f<127 
O<b<7 
| Operation: 1 — f<b> 


Status Affected: None 


BTFSC Bit Test. skip if Clear 7 
Syntax: [ label] BTFSC f,b 
Operands: O<f<127 
O<b<7 
Operation: 


skip if (f<b>) = 0 
Status Affected: None 7 


Encoding: 
Description: If bit 'b' in register 'f' is '0' then the next 
instruction is skipped. 
If bit.‘b' is 'O', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 
Words: 1 
Cycles: 1(2) 
Example: HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE - 
Before Instruction 
PC =address HERE 
After Instruction 
if FLAG<1> =0, PC =address TRUE 
if FLAG<1>=1, PC =address FALSE 
BTFSS Bit Test, skip if Set 
Syntax: [ label] BTFSS f,b 
Operands: O<f<127 
O<b<7 
Operation: skip if (f<b>) = 1 


Status Affected: None 





Encoding: Encoding: pet | ttf 
Description: Bit “b” in register “f’ is set to 1. Description: If bit “b” in register “f’ is “1” then the 
Words: 1 next instruction is skipped. 
If bit “b" is "O", the next instruction 
Cycles: 1 : : 
y fetched during the current instruction 
Example: BSF FLAG_REG, 7 execution, is discarded and a NOP is 
Before Instruction executed instead making this a two- 
FLAG_REG= Ox0A cycle instruction. 
After Instruction Words: 1 
FLAG_REG = Ox8A Cycles: 1 (2) 
Example: HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE -« 
Before Instruction 
PC =address HERE 
After Instruction 
if FLAG<1> =0, PC =address FALSE 
if FLAG<1>=1,PC =address TRUE 
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CALL Subroutine Call 
Syntax: [ label} CALL k 
Operands: 0<k< 2048 
Operation: (PC) + 1— TOS, 

kK — PC<10:0>, 


(PCLATH<4:3>) - PC<12:11>; 
Status Affected: None 


Encoding: 
Description: Subroutine cail. First, return address 
(PC + 1) is pushed onto the stack. The 
eleven bit immediate address is 
loaded into PC bits <10:0>. The up- 
per bits of the PC are loaded from 
PCLATH (f03). CALL is a two-cycle 
instruction. 
Words: 1 
Cycles: 2 
Example: HERE CALL THERE 
Before Instruction 
PC = Address HERE 
After Instruction 
PC = Address THERE 
TOS = Address HERE 
CLRFE Clear f 
Syntax: [label] CLRF f 
Operands: 0<f<127 
Operation: 00h > f 
1>Z 


Status Affected: Z 


Encoding:  |_00 | ooo1| ises| cece 

Description: Thecontents of register “f’ are cleared 
and the Z bit is set. 

Words: 1 

Cycles: 1 

Example: CLRF FLAG REG 


Before Instruction 
FLAG_REG= # Ox5A 


After Instruction 
FLAG_REG = 0x00 
Z=1 


CLRW_____— Clear W Register 
Syntax: [ label] CLRW 
Operands: None 
Operation: 00h — (W) 
19Z 


Status Affected: Z 


Encoding: | 00 | 0001 | oxxx 
Description: W registered is cleared. Zero bit (Z) 
is set. 
Words: 1 
Cycles: 1 
Example: CLRW 
Before Instruction 
W = Ox5A 
After Instruction 
W = 0x00 
Ze= 1 
LRWDT lear Watch Timer 
Syntax: [ label] CLRWDT 
Operands: None 
Operation: 00h >WDT, 
0 — WDT prescaler, 
1+ TO 
13 PD 


Status Affected: TO : PD 


Description: CLRWDT instruction resets the watch- 
dog timer. It also resets the prescaler 
of the WDT. Status bits TO and PD 
are set. 

Words: 1 

Cycles: 1 

Example: CLRWDT 


Before Instruction 
WDT counter = ? 
After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO =0 
PD =O 
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COMF _____Complement f 
Syntax: [ label] COMF f,d 
Operands: O<f<127 

de [0,1] 
Operation: (f) — (dest) 


Status Affected: Z 





Encoding: [00 | 1001] aree| eeee 
Description: The contents of register “f’ are comple- 
mented. If “d” is 0 the result is stored 
in W. If “d” is 1 the result is stored back 
in register “?’. 
Words: 1 
Cycles: 1 
Example: COMF REG1, 0 
Before Instruction 
REG1= 0x13 
After Instruction 
REG1= 0x13 
W = OxEC 
DECF Decrement f 
Syntax: [label] DECF  f,d 
Operands: 0<f<127 
de [0,1] 
Operation: (f)-1 —> (dest) 


Status Affected: Z 


DECFSZ Decrement f, skip if 0 
Syntax: [ label] DECFSZ f,d 
Operands: 0<f<127 

de [0,1] 
Operation: (f)- 1-— 4d; skip if result = 0 


Status Affected: None 


[oo | soi | aeee | eee 


The contents of register “f’ are decre- 
mented. If “d” is 0 the result is placed 
in the W register. If “d” is 1 the result 
is placed back in register “f’. 


Encoding: 
Description: 


If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two -ycle instruction. 


Words: 1 
Cycles: 1 (2) 


Example: HERE DECFSZ CNT, 1 
GOTO LOOP 
CONTINUE + 


Before Instruction 
PC =address HERE 


After Instruction 
CNT = CNT - 1 
if CNT =0,PC=address CONTINUE 
if CNT #0,PC=address HERE + 1 


OTO Unconditional Branch 


Syntax: [ label] GOTO k 
O0<k< 2048 


k — PC<10:0>, 
(PCLATH<4:3>) — PC<12:11> 


Status Affected: None 


Operands: 
Operation: 





Encoding: | oo | 0011 | atte | f£ef Encoding: 
Description: Decrement register “f’. If “d” is 0 the Description: GOTO is an unconditional branch. 
~ result is stored in the W register. If “d” The eleven bit immediate value is 
is 1 the resultis stored back in register loaded into PC bits <10:0>. The up- 
cio per bits of PC are loaded from 
Words: 1 PCLATH <4:3>. GOTO is a two- 
Baa ; cycle instruction. 
cles: 
pes Words: 1 
Example: DECF CNT, 1 
Cycles: 2 
Before Instruction 
CNT = 0x01 Example: GOTO THERE 
Z = 0 After Instruction 
After Instruction PC = Address of THERE 
CNT = 0x00 
Zz — a | 
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INCF Increment f iORLW Inclusive OR Literal with W 
Syntax: [label] INCF  f,d Syntax: [ label] IORLW_ k 
Operands: O<f<127 Operands: 0<k<255 
de [0,1] Operation: (W) .OR. (k) = (W) 
Operation: (f) + 1 — (dest) Status Affected: Z 
Status Affected: Z Encoding: 
Encoding: | oo | 1010] aret | fete | Description: The contents of the W register are 
Description: The contents of register ‘f’ are incre- OR’ed with the eight bit literal “k”. The 
mented. If “d” is 0 the result is placed result is placed in the W register. 
in the W register. If “d” is 1 the result ; 
W 1 
is placed back in register “f’. a 
Words: 1 Cee ; 
Cycles: 4 Example: ITORLW 0x35 
Before Instruction 
Example: INCF CNT, 1 W = Ox9A 
Before Instruction : 
CNT = OxFF After eee 
Z = 0 
After instruction 
CNT = 0x00 
Z = 1 
INCFSZ Increment f, skip if 0 IORWEF Inclusive OR W with f 
Syntax: [ label] INCFSZ f,d Syntax: [ label] IORWF f,d 
Operands: O<f<127 Operands: O<f< 127 
de [0,1] de [0,1] 
Operation: (f) + 1 — (dest), skip if result = 0 Operation: (W) .OR. (f) — (dest) 
Status Affected: None Status Affected: Z 
Encoding: | oo | 1111] aefe | f£e£ Encoding: | oo | o100| ate] eee 
Description: The contents of register ‘P are incre- Description: Inclusive OR the W register with reg- 
mented. If “d” is 0 the result is placed ister “f’. If “d” is O the result is stored 
in the W register. If “d” is 1 the result in the W register. If “d” is 1 the result 
is placed back in register ‘fT’. is stored back in register ‘T’. 
if the result is 0, the next instruction, Words: 1 
which is already fetched, is discarded. Gvéles: , 
A NOP is executed instead making it ye 
a two cycle instruction. Example: IORWF RESULT, 0 
Words: 1 Before Instruction 
: RESULT = 0x13 
Cycles: 1 (2) W = 0x91 
Example: HERE INCFSZ CNT, 1 AtiseIngtruction 
GOTO oer RESULT = 0x13 
CONTINUE = W = 0x93 
Before Instruction 
PC =address HERE 
After Instruction 
CNT = CNT +1 
if CNT =0,PC=address CONTINUE 
‘if CNT #0,PC=address HERE + 1 
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MOVLW __ Move Literal to W 
Syntax: [ label] MOVLW_ k 
Operands: 0<k< 255 
Operation: k — (W) 


Status Affected: None 


| 


MOVWE Move W tof 
Syntax: [ label] MOVWF f 
Operands: O<f<127 
Operation: 


(W) = (f) 
Status Affected: None | 





Encoding: | | Encoding.  |_ 00 | oooo| ifef| fees | 
Description: The 8-bit literal “k” is loaded into W Description: Move data from W register to register 
register. si 
Words: ~— 1 Words: 1 
Cycles: 1 Cycles: 1 
Example: MOVLW 0x5A Example: MOVWF OPTION 
After Instruction Before Instruction 
W = Ox5A OPTION = OxFF 
WwW = Ox4F 
After Instruction 
OPTION = Ox4F 
WwW = Ox4F 
MOVE Move f NOP No Operation 
Syntax: [ label] MOVF  f,d Syntax: [ label] NOP 
Operands: O<f< 127 Operands: None 
de [0,1] Operation: No operation 
Operation: (f) > (dest) Status Affected: None 
Status Affected: Z Encoding:  [_00 | 0000] oxxo] 0000) 
Encoding: |_00 | 1000| aret| cree Description: No operation 
Description: The contents of register f is moved to Words: 1 
destination d. If d=0, destination is W Cycles: 1 
register. If d= 1, the destination is file ; 
register f itself. d = 1 is useful to test Example: NOP 
a file register since status flag Z is 
affected. 
Words: 1 
Cycles: 1 
Example: MOVF FSR, 0 
After Instruction 
W = value in FSR register 
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RETFIE Return from Interrupt 


Syntax: {[ label] RETFIE 
Operands: None 
Operation: TOS — PC, 

1— GIE; 


Status Affected: None 


| 90 | 0000 | 0000 | 1001 


Return from Interrupt. Stack is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en- 
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN- 
TCON<7>). This is a two-cycle 
instruction. 


Words: 1 
Cycles: 2 


Encoding: 
Description: 


Example: RETFIE 


After Interrupt 
PC = TOS 
GIE = 1 


RETLW Return Literal to W 
Syntax: [ label] RETLW k 
Operands: 0<k<255 

Operation: k + W; TOS — PC; 


Status Affected: None 


Encoding: 

Description: The W register is loaded with the 
eight bit literal “k’. The program 
counter is loaded from the top of the 
stack (the return address). This is a 
two-cycle instruction. 

Words: 1 

Cycles: 2 

Example: 


W contains table offset 


value 
W now has table value 


CALL TABLE 


=e Me fe 


TABLE ADDWF PC ; W = offset 
RETLW k1 ; Begin table 
RETLW k2 : 
RETLW kn ; End of table 
Before Instruction 
W = 0x07 
After Instruction 
W = value of k7 
RETURN Return from routin 
Syntax: [ label] RETURN 
Operands: None 
Operation: TOS — PC; 


Status Affected: None 


Encoding: | 00 | 0000 | 0000 | 1000_ 

Description: Return from subroutine. The stack is 
popped and the top of the stack (TOS) 
is loaded into the program counter. 
This is a two-cycle instruction. 

Words: 1 

Cycles: 2 

Example: RETURN 


After Interrupt 
PC = TOS 
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RLF Rotate Left_f through Carry LEEP | 
Syntax: { label] RLF f,d Syntax: | [ label } SLEEP 
Operands: O<f< 127 Operands: None 
de [0,1] Operation: 00h — WDT, 
Operation: f<n> — d<n+1>, f<7>—C, C > 0 — WDT prescaler 
d<0>; 1 -> TO, 
Status Affected: C ls bia 
Encoding:  |_00 | 1101] agee| eee et ee 
Description: The contents of register “f’ are rotated oe: | 90 | 0000 | orzo | oo22| 
1-bit to the left through the Carry Flag. Description: The Power Down status bit (PD) is 
If “d” is 0 the result is placed in the W cleared. Time-out status bit (TO) is 
register. If“d” is 1 the result is stored set. Watchdog Timer and its pres- 
back in register “f’. caler are cleared. 
The processor is put into SLEEP mode 
Pat P| g a with the oscillator stopped. See sec- 
tionon SLEEP mode for more details. 
Words: 1 Words: 1 
Cycles: 1 Cycles: 1 
Example: RLF REG1, 0 Example: sraee 
Before Instruction | 
REG1 = 11100110 
Cc = 0 
After Instruction 
REG1 = 11100110 
WwW = 11001100 
Cc = 1 
RE Rotate Right _f through Car BLW ubtract W from Literal 
Syntax: [label] RRF fd Syntax: [ label] SUBLW k 
Operands: O<f< 127 Operands: O0<k< 255 
de [0,1] Operation: k-(W) — (W) 
Operation: f<n> — d<n-1>, Status Affected: C. DC, Z 
f<0> >C, ee 
C3 der> Encoding: 
Status Affected: C : Description: The . fs aban gran bes 
—_ complement method) from the 8-bi 
Encoding: | oo | 1100] asec | sees literal “k”. The result is placed in the W 
Description: The contents of register “‘f’ are rotated register. 
one bit to the right through the Carry 
Flag. If “d” is 0 the result is placed in Words: 1 
the W register. If “d” is 1 the result is Cycles: 1 
placed back in register “fT”. Example 1: ne ma 
LS fal_reiterf fs Before Instruction 
. C = ? 
Ole: : After Instruction 
Cycles: 1 w= 1 | 
Example: RRF REG1,0 C = 1 ; result is positive 
Before Instruction Example 2: Before Instruction 
REG1 = 11100110 w= 3 
C = 0 C = ? 
After Instruction After Instruction 
REG1 = 11100110 . = Ee 
W = 01110011 = 0_ ; result is negative 
C = 1 
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SUBWE Subtract W_from f 
Syntax: [ label] SUBWF _ fd 
Operands: O<f<127 
de [0,1] 
Operation: (f)-(W) — (dest) 
Status Affected: C, DC, Z 
Encoding: | 00 | oo10 | atet | feet 
Description: Subtract (2's complement method) 
the W register from register ‘“f’. If “d” 
is O the result is stored in the W 
register. If “d” is 1 the result is stored 
back in register “f’. 
Words: 1 
Cycles: 1 
Example 1: SUBWF REG1,1 
Before Instruction 
REG1 =0 
W=1 
C=? 
After Instruction 
REG1 = FF 
W=1 
C=0 _ ;result is negative 
Example 2: Before Instruction — 
REG1 = FF oe 
W=0 
C=? 
After Instruction 
REG1 = FF 
W=0 
C=1_ ;result is positive 
SWAPE wap f XORLW Exclusive OR literal with W 
Syntax: [ label] SWAPF _f,d Syntax: [ label] XORLW_ k 
Operands: O<f<127 Operands: O<k<255 
oO Operation: (W) .XOR. k > (W) 
Operation: f<0:3> — d<4:7>, Status Affected: Z 
f£<4:7> — d<0:3>; ° 
ae Description: The contents of the W register are 
eneoelng: | 00 | 1110 [aret | cree XOR’ed with the 8-bit literal “k”. The 
Description: The upper and lower nibbles of regis- result is placed in the W register. 
ter “f’ are exchanged. If “d” is 0 the Words: , 
result is placed in W register. If “d” is : 
1 the result is placed in register ‘“f’. Cycles: 1 
Words: 1 Example: XORLW OxAF 
Cycles: 1 Before Instruction 
Example: SWAPF REG, 0 ay ree 
: After Instruction 
Before Instruction W = OxiA 
REG = 0xA5 7 
After Instruction 
REG = 0xA5 
W Ox5A 
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XORWE Exclusive OR W with f . 
Syntax: [ label] XORWF f,d 
Operands: O<f<128 
de [0,1] 
Operation: -(W) .XOR. (f) > (dest) 
Status Affected Z | 
Encoding:  |_00 | o110 | aeee | eres | 
Description: Exclusive OR the contents of the W 
register with register “f’. If “d” is 0 the 
result is stored in the W register. If“d” 
is 1 the result is stored back in register 
“f”. 
Words: 1 
Cycles: 1 
Example: XORWF REG, 1 
Before Instruction 
REG = OxAF 
W = = OxB5 
_ After Instruction 
REG = Ox1lA 
W = OxB5 
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14.0 DEVELOPMENT SUPPORT 


14.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


PICMASTER™ Real-Time In-Circuit Emulator 
PRO MATE™ Universal Programmer 
PICSTART™ Low-Cost Prototype Programmer 
Assembler 

Software Simulator 


14.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT® class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows® 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 


e Emulator Control Pod 
e Target-Specific Emulator Probe 
¢ PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DDE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16Cxx processor and a 
PIC17Cxx processor). 


14.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vop and VpP sup- 
plies which allows it to verify programmed memory at 
VDD min and VoD max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand-alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 


FIGURE 14-1: PICMASTER SYSTEM CONFIGURATION 





Power Switch 


Power Connector Interchangeable 


Emulator Probe 


PICMASTER Emulator Pod Logic /|\\y 


Y o 
PC Compatible Computer . Probes Va q 
(AT/ISA Bus) (for Industry Standard Architecture) 


Common Interface Card 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Vob min, VoD max and Vpr levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular “programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


14.4 PICSTART™ Programmer 


The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
andefficient. The user interface is full-screen and menu- 
based. 


14.5 Assembler (MPASM 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. | 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


e¢ Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


¢ Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


jn wore _ eile Description 


¢ Control Directives permit sections of conditionally 
assembled code. 


¢ Macro Directives control the execution and data 
allocation within macro body definitions. 


14.6 Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


14.7 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 14-1: 


TABLE 14-1: DEVELOPMENT SYSTEM 
PACKAGES 











PICMASTER™ PICMASTER In-Circuit Emulator | in-Circuit Emulator 
with your choice of Target Probe, 
PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


PICSTART™ Low-Cost Prototype — 
Programmer, Assembler, Software 
Simulator and Samples 













PICSTART™ 
System 





14.8 Probe Specifications 


‘The PICMASTER probes currently meet the following 


specifications: 


PROBE 
PICMASTER Devices Maximum Operating 
eee cachet Frequency pedveney. ev enese 


TROBE CIEE | BIGicces fictecss | townz | asv-ssv| 4.5V - 5.5V 
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16.0 ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings t 





Ambient temperature under DiaS ..............::ccssssscccssssesssccessscesseceassseesessnsescsacecesseesesenceseesecaeseeesersssessesees .-55 to+ 125°C 
Storage TEMS ature say ssscccdiecvsceusscucstucaccosetescidaand Gad dosuchicsdeacasangsiastdinsestatenssisiecsmcacsanetenadeinet OD © 104150 C 
Voltage on any pin with respect to Vss (except VOD and MCLR ) ooo... essesseesseseessessesseeseese “O.6V tO VDD +0.6V 
Voltage on VoD with respect toVSS ............:cccecesseees Sec tasted dealers decamaadent esceuca vanes aubiavistaianaaaaantdace oustaasaestte 010 +7.5V 
Voltage on MCLR with respect to Vss (Note 2) ..........0. ree dasa Sdaccccatedes (uctsaseseesta tues oaecae eleteneateie? 010 +14. V 
Total power Dissipation (Note 1)............ eialuaeevaedessetianeclsteane aa tek ou sauce asda ees Ge due Manes cesar e eee eaea totes 1.0W 
Maximum Current out Of VSS piml............ccsssscccccessssccesesreeeesseeees seuaceanteccecales sete cunctve vadeacstandasecceuss esesseeeceeeceeeee GOOMA 
Maximum Current into VDD Pin ............cscccccsssseeees nateuwsuacaaqscnatvessensacercaravesetes de Piseauesaduccutagteasimiiuanldeseeed re ... 250MA 
Input clamp current, lik (Vi<O or Vi> VDD) .............0+ eisai osu eeecede es sian souplesiaacvendinaseotasutensectseaumeicceteecse cena ee ONIN 
Output clamp current, loK (VO <0 or VO>VDD) ................ Sataeel divave bitin Uouactaeenbaccsedeutuesweves sa sbiUeaendcasasavaseceuesisecasaae CeOMA 
Maximum Output Current sunk by any I/O pin ...... Sseuaies Sener ibetucreee tv ccecrsvenesihions sabilis dalarseluausy enadeRamcereccecewaat ... 25MA 
Maximum Output Current sourced by any I/O Pin .............csscccsssececesessseeees eorree i ataisene lav aeatotagheadahiveets idebeeatenansgeee OMA 


Maximum Current sunk by PORTA, PORTB, and PORTE (combined) . aise Jeuudondecutedastie’ Wsstueaeliaaeins Sissbedcehvineds 200mA 
Maximum Current sourced by PORTA, PORTB, and PORTE (combined) ................... suigaddudenueaisicwseeneteedeant les 200mA 
Maximum Current sunk by PORTC and PORTD (combined) ..............sssccsssssssccesssssseceecessseneescessessceeeeeersessecees .. 200mMA 
Maximum Current sourced by PORTC and PORTD (combined) ......... Seine ca eaeapiausisad tues audaaiesnanavane tue eeeteaceinde se OOM 


Notes: 1. Power dissipation is calculated as follows: Pdis = Vop x {IDD - X loh} + & {(VDD-Voh) x loh} + X(Vol x lol) 
2. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 


a series resistor of 50-100Q should be used when applying a “low’ level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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16.1 DC CHARACTERISTICS: PIC16C64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C64-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 






DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<-+ 125°C for automotive, 
-40°C <TAS+ 85°C for industrial and 
0°;C <TA<+70°C for commercial 
Operating voltage VoD =4.0V to 6.0V | 










Characteristic Sym | 


Supply Voltage — 


RAM Data Retention 
Voltage (Note 1) 


Conditions 


XT, RC and LP osc confige ation 
HS osc configuration 


Device in SLEEP fee, 


as 


a ve eset for details 
i ~~ 
\A 


: sedtipn on power on reset for details 


aN 


Voo start voltage to — 
guarantee power on reset 











£ 4 MHz, Vo = 5.5V (Note 4) 







ZS | | | [ee |e 


Vi 


LP osc configuration 
Fosc = 32 KHz, VoD = 4.0V, WDT disabled 












HS osc configuration 
Fosc = 20 MHz, Vop = 5.5V (PIC16C64-20) 












Power Down Current 
(Note 3, 5) 
Vop = 4.0V, WDT enabled, -40°C to +85°C 
Vop = 4.0V, WDT disabled, 0°C to +70°C 
Vopd = 4.0V, WOT disabled, -40°C to +85°C 
Vop = 4.0V, WDT disabled, -40°C to +125°C 


* These parameters-ate chatactefized but not tested. 
t : Data in “Typ ce) 


not tested. 


Notes: 1. This is themit to which Vop can be lowered in SLEEP mode without losing RAM data. 

2. The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption. 

The test conditions for all lbp measurements in active operation mode are: 


OSC 1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT = Vop, MCLR = Vpop; WOT 
enabled/disabled as specified. 

3. The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 

4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir = Vpb/2Rext (mA) with Rext in kOhm. 

5. Timer oscilator (when enabled) adds approximately xmA to the specification. This value is from character- 
ization and is for design guidance only. This is not tested. 
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16.2 DC CHARACTERISTICS: PIC16LC64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 





DC CHARACTERISTICS Standard Operating Conditions (uniess otherwise stated) 
Operating temperature -40°C <TA<-+ 125°C for automotive, 
40°C <TAs+ 85°C for industrial and 

O°C <Ta<+70°C for commercial 
Operating voltage VDD = 2.5V to 6.0V 








Voo start voltage to 
guarantee power on reset 
Voo rise rate to guarantee 
power on reset 





Power Down Current 
(Note 3, 5) 






Vop = 3.0V, WDT enabled, -40°C to +85°C 
Vop = 3.0V, WDT disabled, 0°C to +70°C 
Vop = 3.0V, WDT disabled, -40°C to +85°C 
Vob = 3.0V, WDT disabled, -40°C to +125°C 









Notes: 1. is i mi a BD can be lowered in SLEEP mode without losing RAM data. 
2. i 


WDT enabled/disabled as specified. 
3. The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 
4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir = Vpbp/2Rext (mA) with Rext in kOhm. | 
5. Timer oscilator (when enabled) adds approximately xmA to the specification. This value is from character- 
ization and is for design guidance only. This is not tested. 
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16.3 DC CHARACTERISTICS: PIC16C64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C64-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C < TAs +125°C for automotive, 

-40 < TA < +85°C for industrial 

and 0°C < TA < +70°C for commercial 
ge as described in DC spec tables 14.1/14.2 








DC CHARACTERISTICS 


















Operating voltage VoD ran 


[sym | Min | Typt 






Conditions 


Characteristic 


Input Low Voltage | 

















I/0 ports | Vit 

- with TTL buffer Vss 
___~ with Schmitt Trigger buffer Vss 
MCLR, RA4/TOCKI, OSC1 Vss 
(in RC mode) 


OSC1(in XT, HS and LP 
Input High Voltage 
1/0 ports | 
- with TTL buffer 
- with Schmitt Trigger buffer 
MCLR, RA4/TOCKI 






V 
Vop V Note 1 


PORTB weak pull-up current ‘pups |50 | 100 {150 | pA | Voo=5V, VPIN=Vss 


Input Leakage Current 
HL +1 pA | Vss < VPIN < VDD, Pin at hi-impedance 
5 uA | Vss <VPIN< VoD 
45 wA | Vss < VPIN< VoD, XT, HS and LP osc 
configuration 


(Notes 2, 3) 
1/0 ports 
MCLR, RA4/TOCK! 
Osc1 
lo. = 8.5 mA, Vpopb = 4.5V, -40°C to +85°C 
lo. = 7.0 mA, Vop = 4.5V, -40°C to +125°C 
lo. = 1.6 mA, Vop = 4.5V, -40°C to +85°C 
lo. = 1.2 mA, Vop = 4.5V, -40°C to +125°C 



























Output Low Voltage 
1/0 Ports 




















OSC2/CLKOUT 

(RC osc configuration) 
Output High Voltage 
I/O Ports (Note 3) 







VOH OH = -3.0 mA, Vob = 4.5V, -40°C to +85°C 


OH = -2.5 mA, Vopb = 4.5V, -40°C to +125°C 
lOH = -1.3 mA, VoD = 4.5V, -40°C to +85°C 
lOH = -1.0 mA, Vob = 4.5V, -40°C to +125°C 


Cosc2 15 pF | InXT, HS and LP modes when 
external clock is used to drive OSC1. 
Cio 50 pF 
F 


t : Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
Notes: 1. !n RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. 
It is not recommended that the PIC16C64 be driven with external clock in RC mode. 


2. Theleakage current onthe MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3. Negative current is defined as coming out of the pin. 

4. The user may use better of the two specs. 







OSC2/CLKOUT 

(RC osc configuration) 
Capacitive Loading Specs on 
Output Pins 

OSC2 pin 












All 1/0 pins and OSC2 
(in RC mode) 
SCL, SDA in I?C mode 
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16.4 Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 
1. TppS2ppS 3. Tcc:st (I?C specifications only) 
2. TppS 4. Ts (I?C specifications only) 


CCP1 OSC1 
CLKOUT RD 

cS RD or WR 
SDI SCK 

SDO ss 

Data in TOCKI 

I/O port T1CKI 
MCLR WR 






Frequency 





Fall Period 

High Rise 

Invalid (Hi-impedence) Valid 

Low High Impedence 


output access High 
Bus free Low 





Tcc:st (l?C specifications only) 


Hold Setup 


DATA input hold STOP condition 
START condition 





PARAMETER MEASUREMENT INFORMATION 
All timings are measured between high and low measurement points as indicated in the figures below. 


0.7 VooXTAL ,,,. 
0.8 VooRc “igh) 2.0 Voo (High) 


0.3 Vob XTAL (Low) 0.2 Vop (Low) 


0.15 Vop RC 
OSC1 MEASUREMENT POINTS (0 PORT MEASUREMENT POINTS 
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16.5 Timing Diagrams and Specifications 
External Clock Timing 


! Q4 at ! a2 ! a3! a4 at 
i] 1. i} ! 
; | , ; = 
' 1 t Vy ' 1 t 
a a ee ee oe ee ee ee ee ee a 
ee, a fe ! \ 
$ 1 toi 1 #4 ' ' 
te 1 ——+ "lq 3p! e- 3! 4») i ri ie 4 
1‘ t 
4 i 


CLKOUT 


External Clock Timing Requirements | ess 
die ZN 


Eamametet Sym \ Characteristic at Typ t 
0 


External CLKIN Frequency 
Le | 


(Note 1) 
ft: Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested. 
Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are based on 
characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current consumption. 
All devices are tested to operate at “min.” values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 


















PIC16LC64-04) 

HS osc mode (PIC16C64-20) 
LP osc mode 
RC osc mode 
XT osc mode 
HS osc mode (PIC16C64-04 

PIC16LC64-04) 

HS osc mode (PIC16C64-20) 
LP osc mode 
XT and RC osc mode 
HS osc mode (PIC16C64-04, 
PIC16LC64-04) 

HS osc mode (PIC16C64-20) 
LP osc mode 
RC osc mode 
ns XT osc mode 






























Oscillator Frequency 
(Note 1) 














External CLKIN Pe 
(Note 1) 





10,000 


1,000 } ns HS osc mode (PIC16C64-04 
PIC16LC64-04) 
ns HS osc mode (PIC16C64-20) 





LP osc mode 





XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 
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CLKOUT and I/O Timing 









CLKOUT 


4 > i 12 
19; g-18 -» cs 
—— 4 16 


ie 13 


= VIZTTTILI TIED 


<a— 17 —> 


LON 
(output) 


tos ST 
> —t 20, 21 


Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/ 
LS 


CLKOUT and I/O Timing Requirements ° 


Parameter Characteristic I> 
No. me ~ 


| 410 | TosHackL | OSC1T to CLKOUN (REnog’) | 
[14 [Toktziov | CLKOUr YD PoRcatvaid | __-_| 


TioV2ckH d pefote 0.25 Tcy+25 
Pg in Pralef after 
ic T (RC mode) 


D7 [peepv) Ose (Gi oye) 0 Por outvaia] 
dGHZi0’ | OSC1T (Q2 cycle) to Port input TBD 
pS invalid (I/O in hold time) | a 4 
TioV20sH | Port input valid to OSC1T TBD 
a eel ee a 
[20 Fiom—| Port ouput rise tine 
a 


Port output fall time 


OC TTTTTTAUTITZ 
— ee 












Qt 15 i 


\/ 
new value 


















Typt 













* These parameters are characterized but not tested. 
ft : Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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Reset, Watchdog Timer, Oscillator Start-Up Timer and Power-Up Timer Timing 


PWRT 
Timeout 


Osc 
Timeout 


Internal 
RESET 


Watchdog 
Timer 
RESET 









Reset, Watchdog Timer, Oscj 


Z» 
ial bel VA 


a | as 100 | - 


Typ t 
fog Aimer Timeout eet. 
aamecAl ’ Aa 
| 32 oar 








Tot 509 lation Start-up Timer Period 1024 tosc 


ae 
| Tpwrt | Power-up TimerPeriod | 28° | 72 


* These ee are characterized but not tested. 
t : Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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TimerO and Timer1 Clock Timings 





RA4/TOCKI 


RCO/T1CKI 









as 


SE 2 wa 


= bealegapeen <= weed cer 





i TtoL | TOCK! Low Pulse WidtlX |NaPreseaty’ —s—|§ 0.5 TCY + 20° 





LD WittdPrgstaler | 10" 
N 


NS 
TtoP | TOCKI Period “er 3 Tey 
Zoos 
1 
Synchronous, No Prescaler 0.5Tcy + 20* 
1 


45 TH 2 Synetironous, No Prescaler | 0.5Tcy +20 
0 
Synchronous, With Prescaler 
N 





Bynchronous, With Prescaler 


synchronous 


+ 40* 


Z) 
Tt 
Asynchronous 


47 TtiP | T1CKI input period} Synchronous 
Asynchronous 
Ftt | Timer oscillator input frequency range DC 
(oscillator enabled by setting the T1OSCEN bit) 


* These parameters are characterized but not tested. 
t: Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 


<= 
i 
=) 
cw 
”N 
o 
5 
(q>) 
< 
2». 
[ 4 
(>) 
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Capture/Compare/PWM Timings 


RC2/CCP1 
(Capture Mode) 


RC2/CCP1 | 
(Compare or 
PWM Mode) 





Capture/Compare/PWM Requirements 


Diag a Characteristic 
No. 


TccL | CCP1 input low time 
With Prescaler 


ad ea ates 
TecH |CGPT input high time| No Prescaler[oSTey+20 [= [= [ns 

fwitn Prescaler [10 [ - | - [ns | 
[10 [as [ns 
a ae [0 | | 













TecP | CCP1 input period Tcy + 40 


ne a’ 


N 


CCP1 output rise time 


TccF | CCP1 output fall time a 
* These parameters are characterized but not tested. 


t : Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. — 
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Parallel Slave Port Timing 


RE2/CS Tee A ee ae 






RD<7:0> 


Parallel Slave Port Requirements 


Characteristic 
No. 


Lo 4 TdtV2wrH | Data in valid before WRT 
or CST (setup time 


TwrH2dtl_ | WRT or CST to data-in invalid 
(hold time) 


| 64 | TrdL2dtV |. RDJ and CS. to data—out valid 
| 65 


TrdH2dtl | RDT or CSJ to data—out invalid 





t : Data in "Typ* column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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SPI Mode Timing 


SCK 
(CKP = 1) 


‘ 
77 





SPI Mode Requirements 


O. 


cy 
cy 















SCK input high time 
(slave mode) 
(slave mode) 
raves |scxege | 
TdiV2scL_ | SCK edge 


70 TssL2scH, | SSJ to SCK! or SCKT input |. T 
TssL2scL, 
cmemos 
74 TscH2dil, | SDI data input invalid after 0.5Tcy 
TscL2dil, | SCK edge 
76 


SDO data output rise time 
SDO data output fall time 


TssH2doz | SS! to SDO output 
hi-impedence 


(master mode) 





T : Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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’C Bus Start/Stop Bits Timing 


START STOP 
Condition Condition 





?C Bus Start/Stop Bits Requirements 


Parameter are | Characteristic 
No. 


Tsu:STtA| START condition {100 KHZ mode 
Setup time 400 KHz mod 

T 3 

+ 


HD:STA| START condition |100 KHz mod 
Hold time 400 KHz mod 


47 


o) 


0 


@o 


40 


oO 
2) 


Su:sTO| STOP condition |100 KHZ mode | 4700 

re Seu ime 00 Ke mod 
THD:STO} STOP condition | 100 KHz mode 
Hold time 400 KHz mode 


40 


OQ 
oO 





81 
82 
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PC Bus Data Timing 


Conditions 


100 KHz mode PIC16C64 must operate ata 
minimum of 1.5 MHz 


400 KHz mode PIC16C64 must operate at a 
minimum of 10 MHz 


SSP Module 


TLOW | Clock low time 100 KHz mode : PiC16C64 must operate at a 
| minimum of 1.5 MHz 
400 KHz mode 
SSP Module 1.5 Tcy 


TR |SDAandSCL |100KHzmode|  - — |100 
| rise time 400 KHz mode | 20+0.1 Cb 


93 Te |SDAandSCL |100KHzmode|  - __ 

fall time 400 KHz mode 300 
setup time 400 KHzmode | 06 | 

100 KHz mode | 4.0 | | us | After this period the 
hold time 400KHzmode | 06 | first clock generated 
hold time 400 KHz mode | Oo 
setup time 400 KHz mode 

setup time 400 KHz mode 

from clock 400 KHz mode 

TBUF | Bus free time 100 KHz mode Time the bus must be free 
400 KHz mode before a new transmission can 


Note 1: Asa transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 





2: A fast-mode I?C-bus device can be used in a standard-mode |?C-bus system, but the requirement tsu;DAT2250ns must then 
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device 
does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA linet,, max.+tsu;DAT=1000+250=1250ns 
(according to the standard-mode I?C bus specification) before the SCL line is released. 
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17.0 DC AND AC CHARACTERISTICS (GRAPHS/TABLES) 


NOT AVAILABLE AT THIS TIME 
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20.0 PACKAGING INFORMATION 


See Section 11 of the Data Book. 
20.1 Package Marking Information 


44L PLCC 


44L PQFP 


40L PDIP (.600 mil) 


Example 


Example 


TBD 


Example 


PIC16C64-04 


P126 
Og 9042 CDA C) 


oO MicrRocHP 





MMMMMMMMMM 
MMMMMM 


AABB CDE 





MM...M 
XX...X 


AA 
BB 


C 


Note: In the event the full 





Example 


PIC16C64 


9038 CBA 


Microchip part number information 
Customer specific information* 


Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 


Facility code of the plant at which wafer is manufactured 
C = Chandler, Arizona, U.S.A. 


Mask revision number 


Assembly code of the plant or country or origin in which 
part was assmebled 


Microchip part number can not be marked on one line, it will be 
carried over to the next line thus limiting the number of available characters for 
customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week code, facility 
code, mask rev #, and assembly code. For OTP marking beyond this, certain price adders 
apply. Please check with your Microchip Sales Office. For QTP devices, any special 
marking adders are included in QTP price. 
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APPENDIX A 


The following are the list of modifications over the 
PIC16C5X microcontroller family: 


1. 


10. 
11. 


12. 


13. 
14. 
15. 


16. 


17. 


Instruction word length is increased to 14-bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32-bytes before). 


A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 


Data memory paging is redefined slightly. Status 
register is modified. 


Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 


Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5X. 


OPTION and TRIS registers are made addressible. 


Interrupt capability is added. Interrupt vector is at 
0004h. 


Stack size is increased to eight deep. 
Reset vector is changed to 0000h. 


Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis- 
ters are reset differently. 


Wake up from SLEEP through interrupt is added. 


Two separate timers oscillator start-up timer (OST) 
and power-up timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


PORTB has weak pull-ups and interrupt on change 
feature. 


RTCC pin is also a port pin (RA4) now. 

FSR is made a full eight bit register. 

"In system programming" is made possible. The 
user can program PIC16CXX devices using only 
five pins: Vop, Vss, MCLR/Vpp, RB6 (clock) and 
RB7 (data in/out). 


PCON status register is added with a Power-On 
Reset (POR) status bit. 


Code protection scheme is enhanced such that 
portions of the program memory can be protected, 
while the remainder is unprotected. 


APPENDIX B 


Toconvert code written for PIC 16C5X to PIC16CXX, the 
user should take the following steps: 


1. 


Remove any program memory page select opera- 
tions (PA2, PA1, PAO bits) for CALL, GOTO. 


Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them. 


Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


Change reset vector to 0000h. 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 


NETWORK<ENTER> and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 
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Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 


PICMASTER, PRO MATE and PICSTART are trademarks 
of Microchip Technology Incorporated. 


ACCESS.bus is a trademark of the ACCESS.bus Industry 
Group. 


I?C is a trademark of Philips/Signetics. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe Inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16C64 Product Identification System 


To order or to obtain information, e. g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 





PART NO. -XX X /XX XXX 


yY Pattern: 3-Digit Pattern Code for QTP/SQTP (factory specified) 
(blank for OTP and Windowed Parts) 


Package: P PDIP (600 mil) 
L PLCC 


PQ = MQFP (Metric POQFP) | Examples: 
a) PIC16C64 - 04/P 


0°C to +70°C (T for tape/reel) = Commercial temp., 


Temperature - 
Range: I -40°C to +85°C (S for tape/reel) | DIP (600 mil) package, 
E 40°C to +125°C 4 MHz, standard V bo limits, 
OTP part 
Frequency 04 4 MHz b) PIC16C64 - 041/PQ462 
Range: 10 10 MHz = Industrial temp., 
20 MHz MQFP package, 4 MHz, 
standard V po limits, 
Device: PIC16C64_ : Standard Vop range pattern #462 
PIC16LC64 : Extended Vop range (QTP a or saTP parts) 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the besa 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 


PIC16C71 





8-Bit CMOS EPROM Microcontroller with A/D Converter 





FEATURES 
High-Performance RISC-like CPU 


Only 35 single word instructions to learn 

All single cycle instructions (250ns) except for 

program branches which are two-cycle 

Operating speed: DC - 16 MHz clock input 
DC - 250ns instruction cycle 

14-bit wide instructions 

8-bit wide data path 

1024 x 14 on-chip EPROM program memory 

36 x 8 general purpose registers (SRAM) 

15 special function hardware registers 

Eight-level deep hardware stack 

Direct, indirect and relative addressing modes 

Four interrupt sources: 

- External INT pin 

- TMRO timer 

- A/D conversion completion 

- PortB<7:4> interrupt on change 


Peripheral Features 


13 I/O pins with individual direction control 


¢ High current sink/source for direct LED drive 


- 25mA sink max. per pin 

- 20mA source max. per pin 

TMRO: 8-bit real time clock/counter with 8-bit 

programmable prescaler 

A/D converter module: 

- Four analog inputs multiplexed into one A/D 
converter 

- Sample and hold 

- 20us conversion time/channel 

- 8-bit resolution with +1 LSB accuracy 

- External reference input, VREF (VREF < VDD) 

- Analog input range: Vss to VREF 


Special Microcontroller Features 


Power-On Reset 

Power-up Timer 

Oscillator Start-up Timer 

Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

Security EPROM fuse for code-protection 
Power saving SLEEP mode 

User selectable oscillator options: 

- RC oscillator: RC 

- Crystal/resonator: XT 

- High-speed crystal/resonator: HS 

- Power saving, low frequency crystal: LP 
Serial, In-System Programming (ISP) of EPROM 
program memory using only two pins 





FIGURE A - PIN CONFIGURATION 


PDIP, SOIC, CERDIP Window 


RAQ/AIN2 C]e1 RA1/AINt <> 
RAO/AINO =< 
OSCI/CLKIN <- 

OSC2/CLKOUT —> 


a 
‘e) 
anh, 
@ 
‘?) 
~ 
wd 


CMOS Technology 


¢ Low-power, high-speed CMOS EPROM technology 
¢ Fully static design 
¢ Wide-operating voltage range: 
- Commercial: 3.0V to 6.0V 
- Industrial: 3.0V to 6.0V 
- Automotive: 3.0V to 6.0V 
e Low-power consumption 
- <2mA @ 5V, 4 MHz 
- 15pA typical @ 3V, 32 KHz (with A/D off) 
- < pA typical standby current @ 3V 


INTRODUCTION 


The PIC16C71 is a high-performance, low-cost, CMOS, 
fully-static EPROM-based 8-bit microcontroller with on- 
chip Analog to Digital converter. It is the first member of 
a new and improved family of PIC16CXX microcon- 
trollers (Customers familiar with the PIC16C5X products 
may refer to Appendix A for a list of ennancements). 


The PiIC16C71's high performance is due to all single 
word instructions (14-bit wide) that are executed in 
single cycle (250ns at 16 MHz clock) except for program- 
branches which take two cycles (500 ns). In addition, the 
PIC16C71 has four interrupt sources and an eight level 
hardware stack. 


The peripherals include an 8-bit timer/counter with an 
8-bit prescaler (effectively a 16-bit timer), 13 bi-direc- 
tional I/O pins and an 8-bit A/D converter. The high 
current drive (25mA max. sink, 20 mA max source) of the 
I/O pins help reduce external drivers and therefore, 
system cost. 


The A/D converter has four channels, sample and hold, 
8-bit resolution with +1 LSB accuracy. Conversion time 
is typically 30us including sampling time. 


The PIC16C71 product is supported by an assembler, 
an in-circuit emulator and a production quality program- 
mer. All the tools are supported on IBM PC® and 
compatible machines. 
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FIGURE B - PIC16C71 BLOCK DIAGRAM 
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1.0 GENERAL DESCRIPTION 


The PIC16C71 is a low-cost, high-performance, CMOS, 
fully static, EPROM-based 8-bit microcontroller with on- 
chip analog to digital converter. It employs an advanced 
RISC-like architecture. A reduced set of 35 instructions, 
all single word instructions (14-bit wide), all single cycle 
instructions (200ns) except for two-cycle program 
branches, instruction pipe-lining, large register set and 
separate instruction and data memory (Harvard archi- 
tecture) schemes are some of the architectural innova- 
tion used to achieve very high performance. The 
PIC16C71 typically achieves a 2:1 code compression 
anda 4:1 speed improvement over other 8-bit microcon- 
trollers in its class. ~~ 


The PIC16C71 has special features which reduce exter- 
nal components, thus reducing cost, enhancing system 
reliability and reducing power consumption. There are 
four oscillator options, of which the single pin RC oscil- 
lator provides a low-cost solution and the LP oscillator 
minimizes power consumption. The SLEEP (power 
down) mode offers power saving. The user can wake up 
the chip from SLEEP through several external and 
internal interrupts and reset. . 


A highly reliable watchdog timer with its own on-chip RC 
oscillator provides protection against software malfunc- 
tion. 


AUV-erasable cerdip-packaged version is ideal for code 
development while the cost-effective One Time Pro- 
grammable (OTP) version is suitable for production in 
any volume. The customer can take full advantage of 
Microchip's price leadership in OTP microcontrollers 
while benefiting from the OTP flexibility. 


ward Compatibility with PIC16C5X 


Those users familiar with the PIC16C5X family of micro- 
controllers will realize that this is an improved version of 
the PIC16C5X architecture. Please refer to Appendix A 
for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to PIC16C71 (see 
Appendix B). __ 


1.2 Applications 


The PIC16C71 fits perfectly in applications ranging from 
high-speed automotive and appliance motor control to 
low-power remote sensors, battery chargers, gas gauges, 
pointing devices, and telecom processors. The EPROM 
technology makes customization of application pro- 
grams (transmitter codes, motor speeds, receiver fre- 
quencies, etc.) extremely fast and convenient. The small 
footprint packages for through hole or surface mounting 
make this microcontroller series perfect for all applica- 


tions with space limitations. Low-cost, low-power, high - | 


‘performance, ease of use, and I/O flexibility makes the 
PIC16C71 very versatile even in areas where no micro- 
controller use has been considered before (e.g. timer 
functions, replacement of “glue” logic in larger systems, 
co-processor applications). Additionally, the on chip 
high speed, multi-channel A/D offers good analog capa- 
bilities at a reduced cost. The 8-bit accuracy A/D is 


ideally suited for a low cost application requiring an 
analog interface e.g. thermostat control, pressure sens- 
ing, etc. 


2.0 PIC16C71 DEVICE VARIETIES 


A variety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the “PIC16C71 Product Iden- 
tification System” on the back page of this data sheet to 
specify the correct part number. 


2.1 U V Erasable Devices 


The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes etc. Microchip's 
PICSTART and PRO MATE™ pregrammers supports 
programming of the PIC16C71. 


ne-Time-Programm 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up-- 
dates. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the 
program memory, the oscillator fuses, configuration 
fuses and the ID locations (if used) must be programmed. 


2.3. Quick-Turnaround-Production (QTP) 
Devices 


Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. 


2.4 Serialize ick-Turnaround-Pr 


(SQTP) Devices 


Microchip offers the unique programming service where 
few locations in each device are programmed with 
different serial numbers. The serial numbers may be 
random, pseudo-random or sequential. 


Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
ID number. 
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3.0 ARCHITECTURAL OVERVIEW The PIC16C71 address 1K x 14 program memory space, 
all on-chip. Program execution is internal only 
The high performance of the PIC16C71 can be attrib- (microcontroller mode). 


uted to a number of architectural features commonly 
found in RISC microprocessors. To begin with, the 
PIC16C71 uses a Harvard architecture, in which, pro- 
gram and data are accessed from separate memories. 
This improves bandwidth over traditional Von-Neuman 
architecture where program and data are fetched from 
the same memory. Separating program and datamemory 
further allows instructions to be sized differently than 
8-bit wide data word. In PIC16C71, op-codes are 14-bit 
wide making it possible to have all single word instruc- 
tions. A 14-bit wide program memory access bus fetches 
a 14-bitinstruction in a single cycle. A two-stage pipeline 
overlaps fetch and execution of instructions. Conse- 
quently, all instructions (35) execute in a single cycle 
(250ns @ 16 MHz) except for program branches. 


The PIC16C71 can directly or indirectly address its 48 
register files or data memory. All special function 
registers including the program counter are mapped in 
the data memory. The PIC16C71 has a fairly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad- 
dressing mode. This symmetrical nature and lack of 
‘special optimal situations’ make programming with the 
PIC16C71 simple yet efficient. In addition, the learning 
curve is reduced significantly. 


TABLE 3.1 - PIC16C71 PINOUT DESCRIPTION 


Ground 
cekipitostivorcnmasion CS 
OSC2/CLKOUT 
















/0 


Oscillator connection/CLKOUT output. It is CLKOUT in RC 
oscillator mode and oscillator connection in all other modes. 


a 
5 
ms 
bi 





CLR/Vee 


/P Master clear (external reset) input. Active low. Master clear/programming 
| It has Schmitt trigger input buffer. voltage (VPP) supply 
RA4/TOCKI| Open-drain output/input pin. It is also the clock input to TMRO 
timer/counter: Schmitt trigger input buffer 









RAO/AINO Bidirectional |/0 pin/Analog input channel 0. As digital input it 
has TTL input levels 
RA1/AIN1 Bidirectional I/O pin/Analog input channel 1. As digital input it 
has TTL input levels 
RA2/AIN2 Bidirectional 1/0 pin/Analog input channel 2. As digital input it 
has TTL input levels 
RA3/AIN3/VREF Bidirectional |/0 pin/Analog input channel 3/Analog reference i 


0 
0 
0 


voltage input . As digital input it has TTL input levels 
RBO/INT 


Bidirectional I/O pin/External interrupt input. TTL input levels 
Bidirectional 1/0 pin. TTL input levels 
Bidirectional 1/0 pin. TTL input levels arr Sas 
RB4 Bidirectional 1/0 pin. TTL input levels ae See 
RB6 i 
RB7 


RB Bidirectional I/O pin. TTL input levels 
/RB6 Bidirectional 1/0 pin. TTL input levels Clock input Schmitt Trigger 
RB7 Bidirectional !/O pin. TTL input levels Data input/output Schmitt Trigger 


Legend: |= input, O = output, I/O = input/output, P = power. -: Not used. 


1/0 
I/ 

I/ 

I/ 

I/O 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
/0 


Bidirectional 1/0 pin. TTL input levels 
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3.2 Clocking Scheme/Instruction Cycle FIGURE 3.2 - PROGRAM MEMORY MAP 


The clock input (from pin OSC1) is internally divided by AND STACK 


four to generate four non-overlapping quadrature clocks 
namely Q1,Q2, Q3andQ4. Internally, PC is incremented 
every Q1, instruction is fetched from program memory 
and latched into instruction register in Q4. It is decoded 
and executed during the following Q1 through Q4. The 
clocks and instruction execution flow is shown in 
Figure 3.1. | 


Stack Level 1 


3.3 Instruction Elow/Pipelining 
An “instruction Cycle” in PIC16C71 consists of Q1, Q2, Cee 
Q3 and Q4. Instruction fetch and execute are pipelined 





such that fetch takes one instruction cycle while decode 
and execute takes another instruction cycle. However, 


due to the pipelining, each instruction effectively ex- 
: ; ‘ Reset Vector 
ecutes in one cycle. If an instruction causes the program fo. ss 


counter to change (e.g. GOTO) then two cycles are 
required to complete the instruction. 


A fetch cycle begins with the program counter (PC) 

incrementing in Q1. 
The fetched instruction is latched into the “Instruction 

Register (IR)” which is decoded and executed during On-chip 

Q2, Q3 and Q4. Data memory is read during Q2 (oper- Program 

and read) and written during Q4 (destination write). Memory 


3.4 Program Memory Organization 


The PIC16C71 has a 13-bit program counter capable of 
addressing an 8K x 14 program memory space. Only the 
first 1K x 14 (0000h - O3FFh) are physically imple- 
mented. Accessing a location above 3FFh will cause a 
wrap-around within the first 1K x 14 space. The reset 
vector is at 0000h and the interrupt vector is at 0004h. 
Refer to Figure 3.2. 





FIGURE 3.1 - CLOCK/INSTRUCTION CYCLE 


(Program Counter) 


OSC2/CLKOUT 
(RC Mode) ' 
; 
Execute INST (PC-1 
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3.5 Program Counter Module 


The program counter (PC) is 13-bits wide. The low byte, 
PCL is a readable and writable register. The high byte 
of the PC, PCH, is not directly readable or writable. The 
high byte of the PC can be written through the PCLATH 
register (OAh). InaCALLor GOTO instruction, PC<10:0> 
are loaded from the opcode and PC<12:11> are loaded 
from the PCLATCH <4:3>. Since only 1K bytes are 
implemented, the destination address would be entirely 
contained in the opcode. In any instruction where the 
PCL is the destination, PC <12:8> are loaded directly 
from PC LATCH<4:0>. See Figure 3.3. 


3.5.1 COMPUTED GOTO 


When doing a table read using acomputed goto method, 
care should be exercised if the table location crosses 
page boundaries. Please refer to the Application Brief 
“Table Read Using PIC16CXxX" for further details. 


FIGURE 3.3 - LOADING OF PC IN 
DIFFERENT SITUATIONS 


INST with PCL 
(02h) as dest 


~———> ALU result 


GOTO, CALL 


Opcode <10:0> 





3.6 Stack 


The PIC16C71 has an 8-deep x 13-bit wide hardware 
stack. The stack space is not part of either program or 
data space and the stack pointer is not readable or 
writable. The PC is PUSHed on the stack when a CALL 
instruction is executed or an interrupt is acknowledged. 
The stack is POPped in the event ofa RETURN, RETLW 
oraRETFIE instruction execution. PCLATH (OAh) is not 
affected by a "PUSH" or a "POP" operation. 


3.7 Register File Organization 


The register file, in PIC16C71 is organized as 128 x8. It 
is accessed either directly or indirectly through file select 
register FSR. It is also referred to as the data memory. 
There are two register file page select bits in the STA- 
TUS register allowing selection from up to four pages. 
However, the data memory extends only up to 2Fh. The 
first 12 locations are used to map special function 
registers. Locations OCh - 2Fh are general purpose 
registers implemented as static RAM. Some special 
function registers are mapped in page 1. When in 
page 1, accessing locations 8Ch - AFh will access the 
RAM in page 0 (Figure 3.4). 


FIGURE 3.4- REGISTER FILE MAP 


File 
Address 


00 Indirect addr.(* 

01 OPTION 

02 PCL 

03 STATUS 

04 

05 TRISA 
TRISB 


06 
07 
08 ADCON1 
o9 ADRES 
OA PCLATH 
0B INTCON 


0c 


36 Mapped 
General in page O 
purpose 
registers 
(SRAM) 


Page 0 Page 1 


* Not a physical register 
ea Unimplemented data memory locations; reads as '0's 
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FIGURE 3.5 - DIRECT/ANDIRECT ADDRESSING 


Direct Addressing | | | Indirect Addressing 
6 . from opcode IRP FSR 


oa (FSR) . 0 
oy eae de edad oe ale 


location select page select | location select 


11 < 
a) 00 


Note: For memory map detail, see figure 3.4 





FIGURE 3.6 - REGISTER FILE SUMMARY (PIC16C71) 


: : : Value on power 
ae = [== |= Se 
a 

00 INDO Uses contents of FSR to address data memory (not a physical register) 





















8 Bit Real Time clock counter | -XXXXXKXX | 

02 PCL Low order 8 bits of PC__ 
| 03 staTUS | P| =P? | SRPO | TO |) POUT Z| OC | CC C(taxxx | 
| 04 FSR |__ndirectdatamemory, address pointerO | XKXXKXXX 


po RAArTOCKI| RAS/AINS/VreF|RAZ/AIN2 [RAT/AIN1] RAQ/AINO| 23GG00CKX | 
| Rey | =e =| =e | Reg | Reg | Rez | Rei | RBOINT] xxxKCCKK 


fapcst | aocso] - | cus! [| cHso _0/00NE|_apiF | ADON | 00000000 
| =--00000 | 


Holding register for high byte of PC (Note 1) 


| IE | ADE | Toe | NTE | BIE | Tor | INTF | RBIF | 0000000x 

















2 RAG | FE ATE ie IR nn en Ce IE, 
| 80 INDO, | MAPPEDINPAGEQ 
| Bt OPTION, | RBPU | inTeDG | RATS | RATE | psa | ps2 | PSt | PSO | 12111111 | 

2 PCL | MappedinpageO 






Mapped in page 0 | ar 
PORTA (f05) data direction register 



















83 STATUS Mapped in page 0 








ERISA RR IORI SEIIR IIRL RE REN SE 
Se ee eee 





PORTB (f06) data direction register 11111111 
ae ee ie ee ee | - __| PCFG1| PCFGO 







| 


D 
pee 
pee 


8B INTCON - Mapped in page 0 


X = unknown 
u = unchanged 


1. The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<15:8> whose contents are updated 
from or transfered to the upper byte of the program counter. 

2. The reset values of the special function register depend on the type of reset. See Table 4.1. 

3. Special function registers are reset to different values under certain conditions. Refer to Figure 4.1 for details. 


Notes: 
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.7.1 REGISTER FILE ADDRESSING MODE 


The register file can be addressed directly or indirectly. 
In both modes, up to 512 register locations can be 
addressed. 


Direct addressing mode: An effective 9-bit direct ad- 


dress is obtained by concantenating 7-bits of direct 
address from the opcode and 2-bits (RP1, RPO) from the 
STATUS register<6,5> as shown in Figure 3.5. 


indirect addressing mode: Indirect addressing is pos- 
sible by using file address 00h. Any instruction using 
INDF as file register actually accesses data pointed to by 
the file select register, FSR (address 04h). Reading 
INDF itself indirectly will produce 00h. Writing to INDF 
indirectly results in a no-operation (although status bits 
may be affected). An effective 9-bit address is obtained 
by concantenating the 8-bit FSR register and the IRP bit 
from the STATUS register<7> as shown in Figure 3.5. 


Please note that some special function registers are 
mapped in page 1. It will be necessary to set RPO bit to 
address them. Both RP1 and IRP bits are essentially not 
used. 


For convenience, the general purpose registers are 
mapped both in:page 0 and page 1. 


3.8 Indir ressing Register (INDF 


It is not a physical register. Addressing INDF will cause 
indirect addressing. See Sections 3.7.1 and 3.7.1.1 for 
details. 


3.8.1 TMRO 

8-Bit Real Time Clock Counter 
See Section 5.4 for details. 
3.8.2 PCL 

Low order 8-bits of the PC 
See Section 3.5 for details. 


3.9 STATUS Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for data 
memory. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 
set following the write operation (Q4). Furthermore, TO 
and PD bits are not writable. Therefore, the result of an 
instruction with STATUS register as destination may be 
different than intended. For example, CLRF STATUS 
will clear the upper three bits and set the Z bit. This 
leaves the status register as OOOUU1UU (where 
U = unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 


registers because these instructions do not affect any 
status bit. 


For other instructions, affecting any status bits, see the 
section “Instruction Set Summary” (Section 4.0) 


3.9.1 CARRY/BORROW_AND DIGIT CARRY/ 
BORROW_BITS 


The carry bit (C) is a carry_out in addition operations 
(ADDWF, ADDLW) and a borrow out in subtract opera- 
tions (SUBWF, SUBLW). The following examples ex- 
plain operation of carry/borrow bit: 
;SUBLW Example #1 
movlw 0x01 ;wreg=1 
sublw 0x02 :wreg= 2-wreg = 2-1=1 

;Carry=1: result is positive 


;SUBLW Example #2 

movlw 0x02 ;wreg=2 

sublw 0x01 ;wreg=1-wreg=1-2=FFh 
;Carry=0: Result is negative 


;SUBWF Example #1 


clrf 0x20 ;£(20h) =0 

movlw 1 ;wreg=1 

subw— 0x20 7 £(20h) =£ (20h) -wreg=0-1=FFh 
;Carry=0:Result is negative 


; SUBWF Example #2 

movliw OxFF : 

movw£ 0x20 ;£(20h) =FFh 

clrw ;wreg=0 

subw— 0x20 ;£(20h) =f (20h) -wreg=FFh-0=FFh 
;Carry=1: Result is positive 


The digit carry operates in the same way as the carry bit, 
i.e.: it is a borrow in subtract operations. 


3.9.2 TIME OUT AND POWER DOWN STATUS 
BITS (TO, PD) 


The TO and PD bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a Watchdog Timer timeout, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 

These status bits are only affected by events listed in 
Table 3.2. 


TABLE 3.2 - EVENTS AFFECTING PD/TO 


STATUS BITS 
Event «(TO PB] Remenss 





Power-up 1 1 


WDT Timeout 
SLEEP instruction 
CLRWDT instruction 


U: unchanged a 
Note: AWDT timeout will occur regardless of the status of the TO 
bit. A SLEEP instruction will be executed, regardless of the 
Status of the PD bit. Table 3.2 reflects the status of PD and 
TO after the corresponding event. 












No effect on PD 
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FIGURE 3.7 - STATUS REGISTER 


ADDRESS: 03h 
RESET CONDITION: 000?7?XXX 
TO, PD are set or reset as shown in Table 3.1 


bitO 
ine | pt] peo} wo | mo] z | ow | o | 
ae, 


CARRY/BORROW BIT: 

For ADDWF, SUBWF , ADDLW and SUBLW instructions, 
this bit is set if there is a carry out from the most significant 
bit of the resultant. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low 
order bit of the source register. 


DIGIT CARRY/BORROW BIT: 

For ADDWF, SUBWF , ADDLW and SUBLW instructions, 
this bit is set if there is a carry out from the 4th low order bit 
of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 
Reset otherwise. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This 
bit is reset to "O" by a SLEEP instruction. 


TIME-OUT BIT: 

Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to “O" by a watchdog timer time 
out. 


REGISTER PAGE SELECT BITS FOR DIRECT 
ADDRESSING: 


RP1,0: 00 : page 0 (00h - 7Fh) 

01 : page 1 (80h - FFh) 

10 : page 2 (100h - 17Fh) 

11 : page 3 (180h - 1FFh) 
Each page is 128 bytes. 
Only RPO is useful in PIC16C71. Bit RP1 can be used as a 
general purpose read/write bit. However, this may affect 
upward compatibility with future products. 


REGISTER PAGE SELECT BITS FOR INDIREC1 
ADDRESSING: 
IRP: 0 : page 0,1 (00h - FFh) 

1 : page 2,3 (100h - 1FFh) 
This bit is effectively not used in the PIC16C71. . 
It may be used as a general purpose read/write bit 
Aastha this may affect upward compatibility with future 
product. 





TABLE 3.3 - PD/TO STATUS AFTER RESET 


PD RESET was caused by 


WDT wake-up from SLEEP 
WDT timeout (not during SLEEP) 


MCLR wake up from SLEEP 
Power-up 


MCTR reset during normal operation 











U: unchanged _ = 
Note: | The PD and TO bit maintain their status until an event of 


Table 3.2 occurs. A low-pulse on the MCLR input does 
not change the PD and TO status bits. 






3.10 Arithmetic and Logic Unit (ALU) 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register) or the 
accumulator. The other operand is a file register or an 
immediate constant. In single operand instructions, the 
operand is either the W register or a file register. 


3.11 W Register 


The W register is an 8-bit working register (or accumu- 
lator) used for ALU operations. It is not an addressable 
register. 
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3.12 Interrupts 


The PIC16C71 has four sources of interrupt: 
External interrupt from RBO/INT pin 


TimerO timer/counter overflow interrupt 


End of conversion interrupt from A/D module 


Interrupt on change on RB<7:4> pins 


The interrupt control register (INTCON, addr OBh) records 
individual interrupt requests in flag bits. It also has 
individual and global enable bits. The A/D conversion 
completion interrupt flag (ADIF) resides in the ADCON<1> 
register. 


A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 


The RETFTE instruction allows user to return from inter- 
rupt and enable interrupt at the same time. 


The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the retum address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine, the source(s) of the inter- 
rupt can be determined by polling the interrupt flag bits. 
The interrupt flag bit(s) must be cleared in the software 
before re-enabling interrupts to avoid recursive inter- 
rupts. 


3.12.1 INT INTERRUPT 


External interrupt on RBO/INT pin is edge triggered: 
either rising (if INTEDG = 1, OPTION<6>) or falling (if 
INTEDG = 0). When a valid edge appears on INT pin, 
INTF bit is set (INTCON<1>). This interrupt can be 
disabled by setting INTE control bit (INTCON<4>) to ‘0’. 
INTF bit must be cleared in software in the interrupt 
service routine before re-enabling this interrupt. The 
INT interrupt can wake up the processor from SLEEP if 
INTE bit was set prior to going into SLEEP. The status 
of the GIE bit decides whether or not the processor 
branches to the interrupt vector following wake-up. See interrupt 
section 5.5 for details on SLEEP and Figure 4.11 for wer 

timing of wake-up from SLEEP through INT interrupt. 





FIGURE 3.8 - INTERRUPT LOGIC 
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3.12.2 TMRO INTERRUPT —_ 3.13 Context Saving During Interrupts 


An overflow (FFh — 00h) in the TMRO will set the TOIF During an interrupt, only the return PC value is saved on 
(INTCON<2>) bit. The interrupt can be enabled/dis- the stack. Typically, users may wish to save key 
abled by setting/clearing TOIE (INTCON<5>) bit. See registers during an interrupt e.g. W register and status 
Section 6.4 for details. register. This will have to be implemented in software. — 


3.12.3 PORTRBINTERRUPT | 
An input change on PORTB <7:4> will set the RBIF EXAMPLE 3-1: SAVING W REGISTER AND 


(INTCON<0>) bit. The interrupt can be enabled/dis- STATUS IN RAM 
abled by setting/clearing RBIE (INTCON<4>) bit. See 


Section 6.2 for details. push: movwf temp_w ; Saving Values | 

; Page | swapf STATUS, W ; 
3.12.4 A/DINTERRUPT movwf temp_stat ; 

| : ; Interrupt 

The A/D converter sets the end of conversion interrupt : ; Service Routine 
flag, ADIF (ADCON<1>) when aconversion is complete. - pop: swapf temp_stat,W  ;Restoring 
The interrupt can be disabled by clearing ADIE bit . # Values 
(INTCON<6>). See Section 6.6 for details on A/D makes sacahesbases i 
interrupt. swap temp_w, F 3~Do not want to 


swapf temp_w, W ; affect Z-bit 


FIGURE 3.9 - INT PIN INTERRUPT TIMING 


ai | a2| a3] as] ar] az{ a3| as] ar] az2| as] a4] ar] a2] as] as] ai! a2] a3] as] ar] a2] as] as 


osc1 


cLKOUT() 
INT pin 


INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION FLOW 


(PC +t 


Instruction . 


exackied Inst (PC - 1) Inst (PC) Dummy cycle Inst (0004h) 


Notes: 
1. INTF flag is sampled here (every Q1) 
2. Interrupt latency = 3 - 4 Tcy where Tcy = instruction cycle time. 
Latency is the same whether inst (PC) is a single cycle or a 2-cycle instruction. 
. 3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enbled to be set anytime during the Q4-Q1 cycles. 
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FIGURE 3.10 - INTCON REGISTER 


Rw «OR R/wW R/W RAW SOR/W RW SOR/W Address: OBh RM: Readable & 


/GIE ADIE | TOIE JINTE | RBIE | TOIF | INTF | RBIF writable 
Power on reset R: Read only 


bitO value: 0000 000Xb | U: Unused, 
read as ‘0' 


RB port change interrupt flag 
Set when RB<7:4> inputs 
change. Reset in software 


INT interrupt flag 
Set when INT interrupt occurs 
Reset in software 





TMRO overflow interrupt flag 
Set when TMRO overflows 
Reset in software 


RBIF interrupt enable bit 
RBIE = 0: disables RB port change interrupt 
RBIE = 1: enables RB port change interrupt 


INT interrupt enable bit 
INTE = 0: disables INT interrupt 
INTE = 1: enables INT interrupt 


TMRO interrupt enable bit 
TOIE = 0: disables TMRO interrupt 
TOIE = 1: enables TMRO interrupt 


A/D conversion interrupt enable bit 
ADIE = 0: Disable A/D interrupt 
ADIE = 1: Enable A/D interrupt 


Global interrupt enable 
0 = Disable global interrupt 
1 = Enable global interrupt 
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4.0 SPECIAL FEATURES OF THE CPU 


What sets a microcontroller apart from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16C71 has a host of such features 
intended to maximize system reliability, minimize cost 
through elimination of external components, provide power 
saving operating modes and offer code protection. 


The PIC16C71 has a Watchdog Timer which can be shut 
off only through EPROM fuses. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscilla- 
tor Start-up Timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
Power-up Timer (PWRT), which provides a fixed delay of 
72ms (nominal) on power-up only, designed to keep the 
part in reset while the power supply stabilizes. With these 
two timers on chip, most applications need no external 
reset Circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, Watchdog Timer timeout or through 
an interrupt. Several oscillator options are also made 
available to allow the part to fit the application. The RC 
oscillator option saves system cost while the LP crystal 
option saves power. A set of EPROM configuration bits 
(fuses) are used to select various options (Section 4.6). 


4.1 RESET 


The PIC16C71 differentiates between various kinds of 
reset: 


a) Power-On Reset (POR) 

b) MCLR Reset during normal operation 

C) MCLR reset during SLEEP 

d) WOT timeout reset during normal operation 
e) WDT timeout reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on Power-On Reset (POR), on MCLR or WOT 
reset during normal operation and on MCLR reset during 
SLEEP. They are not affected by a WDT reset during 
SLEEP, since this reset is viewed as the resumption of 
normal operation. There are a few exceptions to this. 
The PC is always reset to all 0’s (0000h). Finally, TO and 
PD bits are set or cleared differently in different reset 
situations as indicated in Section 3.9.1. These bits are 
used in software to determine the nature of reset. See 
Table 4.1 for a full description of reset states of all 
registers. a | 











4.2 Power-On Reset (POR), Power-up Timer 
(PWRT) and Oscillator Start-up Timer (OST) 


Power-On Reset (POR): A Power-On Reset pulse is 
generated on-chip when Vpo rise is detected (in the 
range of 1.2V - 1.8V). To take advantage of the POR, 
just tie MCLR pin directly (or through a resistor) to VoD. 
This will eliminate external RC components usually 
needed to create Power-On Reset. 


FIGURE 4.1 - SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


External 


be s Reset 
SLEEP 
WDT WDT pt) 
Module Time-out 


Reset 


Vop rise 
detect Power On Reset 


OST/PWRT 


S © 
= Chip_Reset 
i ee 


a! 


POWER_UP* PWRTE 
(Enable the PWRT timer 
only if it is power-up and 
PWRTE fuse = 1.) 


(POWER_UP +WAKE_UP) (XT + LP + HS) 
(Enable the OST if it is power_up or wake_up 
from SLEEP and OSC type is XT, HS, or LP) 


Enable PWRT a 
Q 


Enable OST 
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TABLE 4.1 - RESET CONDITIONS FOR REGISTERS 


Register | Address} Power-on reset | WDT time-out 
reset during 


WDT time-out | MCLR reset MCLR reset Wake-up 
reset during | during normal| during SLEEP) through 


normal operation | SLEEP interrupt 


W 
TMRO 
Cc 
SR 


p 
STATUS 
F 

PORT A 
PORT B 


TRIS B 
OPTION 
ADCONO 


PCLATH 
INTCON 


Legend: - = unimplemented, reads as ‘0’ 
u = unchanged 
x = unknown 


uuuu uuuUu uuuu uuu uuuu uuuUu uuuu UuuuUu ;UuUuUuU UuUuUuU 


| 00h | 

rain 
roeh 
co 
co 


1111 1111 Us hs a Os Ee Ba 1111 1111 | 1111 1111 juuuu uuuU 
1111 1111 1111 1111 1111 1111 | 1111 1111 }/uuuu uuuu 
0000 0000 0000 0000 0000 0000 ; 0000 0000 juuuu uuuU 


uu 


ve on a 


9000 000% | 0000 0004 9000 000a | 0000 0000 


* Inthe event of wake-up through interrupt, one or more of the interrupt flags will be set. 


Other bits in INTCON will remain unchanged. 


The POR circuit does not produce internal reset when 
VoD declines (or goes through a brown-out). 


Power-up Timer (PWRT): The Power-up Timer pro- 
vides a fixed 72ms time-out on power-up only, from 
POR. The Power-up Timer operates on an internal RC 
oscillator. The chip is kept in reset as long as PWRT is 
active. The PWRT delay allows the VbD to rise to an 
acceptable level. A configuration fuse, PWRTE can 
enable (if = 1) or disable (if = 0 or programmed) the 
Power-up Ttimer (Section 4.6). 


The power-up time delay will vary from chip to chip due 
to VoD and temperature. See DC parameters for details. 


Oscillator Start-up Timer (OST): The Oscillator Start-up 
Timer (OST) provides 1024 oscillator cycle (from OSC1 


input) delay after the PWRT delay is over. This guaran- 
tees that the crystal oscillator or resonator has started 
and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 





Time-out Sequence: On power-up the time-out se- 
quence is as follows: First PWRT time-out is invoked 


after POR has expired. Then OST is activated. The total 
time-out will vary based on oscillator configuration and 
PWRTE fuse status. For example, in RC mode with 
PWRTE setto'0'(PWRT disabled), there will be no time- 
out at all. Figures 4.2 and 4.3 depict time-out se- 
quences. 


Since the time-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately. 
This is useful for testing purposes or to synchronize 
more than one PIC16C71 operating in conjunction. 


TABLE 4.2 - TIME-OUT IN VARIOUS 


SITUATIONS 
Wake up from 
SLEEP 


Oscillator 
Configuration | PWRTE=1 | PWRTE=0 
XT, HS, LP | 72 ms + 1024 tosc | 1024 tosc 
1024 tosc 
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FIGURE 4.2 - TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): Case 1 


Vop 


_ MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET 





FIGURE 4.3 - TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vop): Case 2 


Vopb 


MCLR 


INTERNAL POR eee et! | ee ae ee a Ee ee 


PWRT TIME-OUT 


OST TIME-OUT 





INTERNAL RESET 


FIGURE 4.4 - TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vpp) 







INTERNAL POR Seo ie ante | Se eee RR ne av OAC SUES 





PWRT TIME-OUT 


OST TIME-OUT. ities 88 
INTERNAL RESET aera ret See aera eee: 
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FIGURE 4.5 - EXTERNAL POWER ON RESET 
CIRCUIT (FOR SLOW Vop 
POWER UP) 


MCLR 


PIC16C71 


Notes: 

1. External power on reset circuit is required only if 
VDD power-up slope is too slow. The diode D helps 
discharge the capacitor quickly when VDD powers 
down. 

. R < 40KQ is recommended to make sure that 
voltage drop across R does not exceed 0.2V (max 
leakage current spec on MCLR pinis 5yA). A larger 
voltage drop will degrade ViH level on MCLR pin. 


~. R1= 1000 to 1KQ will limit any current flowing into 


MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 


FIGURE 4.6 - BROWN OUT PROTECTION 
CIRCUIT 1 


MCLR 


PIC16C71 


Notes: 
1. This circuit will activate reset when VDD goes 
below (Vz + 0.7V) where Vz = Zener voltage. 


FIGURE 4.7 - BROWN OUT PROTECTION 
CIRCUIT 2 


MCLR 


PIC16C71 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 


Ri 
R1+R2 — ON 


Vop e 











4.3 Watchdog Timer (WDT) 


The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1 and OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. The WDT can be permanently disabled by 
programming the configuration fuse WDTE as a ‘O' 
(Section 4.6). 


4.3.1 WDT PERIOD 


The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 


The “CLRWDT" and “SLEEP" instructions clear the 
WDT and the prescaler, if assigned to the WDT, and 
prevent it from timing out and generating a device 
RESET condition. 


The status bit TO in the STATUS register will be cleared 
upon a Watchdog Timer time-out. 


4.3.2 WOT PROGRAMMING CONSIDERATIONS 


In a noisy application environment the OPTION register 
can get corrupted. The OPTION register should be 
updated at regular intervals. 


it should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. WOT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


4.4 Qscillator Configurations 
4.4.1 OSCILLATOR TYPES 


The PIC16C71 can be operated in four different oscilla- 
tor options. The user can program two configuration bits 
(FOSC1 and FOSC(O) to select one of these four modes: 
e LP Low Power 

e XT Crystal 

e HS High Speed 

e RC Resistor/Capacitor 


4.4.2 CRYSTAL OSCILLATOR 


in XT, HS, or LP modes a crystal or ceramic resonator 
is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 4.8). 
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TABLE 4.3 - CAPACITOR SELECTION FOR 


CERAMIC RESONATORS 
Oscillator Resonator | 
Type Frequency 
XT 


455 KHz 


Capacitor Range 
C1=C2 


150 - 330 pF 
2.0 MHz - 20 - 330 pF 
4.0 MHz 20 - 330 pF 


8.0MHz | 20-200pF 


Higher capacitance increases the stability of oscillator but also 
increases the start-up time. These values are for design guidance 
only. Since each resonator has its own characteristics, the user 
should consult the resonator manufacturer for appropriate values of 
external components. 































FIGURE 4.8- CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 


e 
To internal 


PIC16C71 


See Tables 4.3 and 4.4 for recommended values of C1 and C2. 
Note 1: A series resistor may be required for AT strip cut crystals. 





TABLE 4.4- CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 


Osc 
Type 


a 32 KHz 15 pF 15 pF 


100 KHz 15 pF 15 pF 

200 KHz 15 pF 15 pF 

100 KHz 

200 KHz 

455 KHz 

1 MHz 

Higher capacitance increases the stability of oscillator but also 
increases the start-up time. These values are for design guidance 
only. Rs may be required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specification. Since each 
crystal has its own characteristics, the user should consult the 
crystal manufacturer for appropriate values of external compo- 
nents. 


200 - 300 pF 
100 - 200 pF 
15 - 100 pF 
15 - 30 pF 





FIGURE 4.9 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


> OSC1 
PIC16C71 


OSC2 


Clock from ext. 


system 


Open 
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4.4.3 RC OSCILLATOR 


For timing insensitive applications the "RC" device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. !n addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
Capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 4.10 shows how the R/C combination is con- 
nected to the PIC16C71. For Rext values below 2.2 
kOhm, the oscillator operation may become unstable, or 
stop completely. For very high Rext values (e.g. 1 
MOhm), the oscillator becomes sensitive to noise, hu- 
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 





See the table in Section 10.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See the characteristics in Section 9.0 for variation of 
oscillator frequency due to VpD for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C, and VoD values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3.1 for timing). 


FIGURE 4.10 - RC OSCILLATOR (RC TYPE 
ONLY) 


Internal 
clock 


PIC16C71 


OSC2/CLKOUT 
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4.5 Power Down Mode (SLEEP) 


The power down mode i is entered by een: a SLEEP 
instruction. 


If enabled, the Watchdog Timer willbe slaared but keeps | 


running, the bit PD in the STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
I/O ports maintain the status they had, before the SLEEP 
command was executed (driving high, low, or hi-imped- 
ance). 


For lowest curent consumption in this mode, all I/O pins 
should be either at VpD, or Vss, with no external circuitry 
drawing current from the I/O pin. I/O pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Vop or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PORTB should be considered. 


The MCLR pin must be at a logic high level (ViHMCc). 


It should be noted that a RESET generated by a WDT 
time out does not drive MCLR pin low. 


-1 WAKE-UP FROM SLEEP 





The device can wake up from SLEEP through one of the 
following events: 

a. External reset input on MCLR pin 

b. Watchdog timer timeout reset (if WDT was enabled) 


c. Interrupt from INT pin, RB port change or A/D con- 
verter. 


The first event will cause a device reset. The two latter 
events are considered a continuation of program execu- 
tion. The TO and PD bits in the STATUS register can be 
used to determine the cause of device reset. PD bit, 
which is set on_ power-up is cleared when SLEEP is 
invoked. The TO bit is cleared if WOT time-out occurred 
(and caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GIE bit. Ifthe GIE bitis clear 
(disabled), the device continues execution at the instruc- 
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP. instruction and the branches to the interrupt 
address (0004h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NoP after the SLEEP instruction. 





The WDT is cleared when the device wakes-up from | 
sleep, regardless of the source of wake-up. 


FIGURE 4.11 - WAKE UP FROM SLEEP THROUGH INTERRUPT 


INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


yah Inst (PC - 1) SLEEP 


Notes: 
1. XT, HS or LP oscillator mode assumed 


inst (PC + 2) 


ce 
| 


Inst (0004h) Inst (0005h) 


Inst (PC + 1) 


2. tost = 1024 tose (drawing not to scale). This delay will not be there for RC osc mode. 


3. GIE = 1 assumed. In this case after wake up processor jumps to interrupt routine. 


If GIE = 0, execution will continue in line. 


4. CLKOUT is not available in these osc modes, but shown here for timing reference. 
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4.6 Configuration Fuses 


The PiC16C71 has five configuration fuses which are 
EPROM bits. These fuses can be programmed (reads 
‘O') or left unprogrammed (reads '1') to select various 
device configurations. These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
test/configuration memory space (2000h - 3FFFh). How- 
ever, through a special mode, this location can be 
accessed during programming. 


See the description of fuses in Figure 4.12. 


4.7 ID LOCATIONS 


The PIC16C71 has four ID locations (2000h - 2003h) 
mapped in the test program memory for storing code 
revision number, manufacturing information or other 
useful information. As with the configuration word, these 
locations are readable and writable through a program- 
mer. They are not accessible during normal code 
execution. 


If the chip is code protected, it is recommended that the 
user uses only the lower seven bits of the ID locations 
and program the higher seven bits as ‘1’. This way the 
ID locations will be readable even after code protection. 


FIGURE 4.12 - CONFIGURATION WORD 
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4.8 Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuse (CP). 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 0040h and above are protected 
against programming. 


Itis still possible to program locations O00Oh - O03Fh, the 
ID locations and the configuration fuses. 


SORAYA AE EME OPIN, RAN ROO IR PRAIA RIAN A 
SES gS3 Ss 
” f 






4.8.1 VERIFYING A CODE-PROTECTED PIC16C71 


When code protected, verifying any program memory 
location will read a scrambled output which looks like 
“OO00000xxxxxxx" (binary) where X is 1 or 0. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 
protecting it. 


b. Next, blow its code protection fuse and then load its 
contents in a file. 


c. Verify any code-protected PIC16C71 against this file. 


bitO 


13 5 4 
Po CP] PWRTE| WOTE | FOSC1] FOSCO | Addr: 2007h 


C1 
lee see 


OSC selection fuses: 
FOSC1, FOSCO: 
00: LP oscillator 
01: XT oscillator 
10: HS oscillator 
11: RC oscillator 


WDT enable fuses: 
WDTE = 1: WDT enabled 
WDTE = 0: WDT disabled 


Power-up timer enable fuse: 
PWRTE = 1 power-up time enabled 


PWRTE =0 power-up timer disabled 


Code protection fuse: 
CP=1_ code protection off 


CP=0 _ code protection on 


Unimplemented. Read as ‘1's. 
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5.0 OVERVIEW OF PERIPHERALS | FIGURE 5.1 - BLOCK DIAGRAM OF 


RAO - RA3 PINS 
The PIC16C71 has 13 I/O pins organized as two I/O | 


ports, PORTA (5 bit) and PORTB (8-bit). It has an 8-bit 
timer/counter (RTCC) with a programmable 8-bit 
prescaler and an analog to digital converter module. 
The A/D converter has up to four analog inputs, internal 
or external reference, 8-bit resolution and a typical 20us 
conversion time. | 


5.1 PORTA 


PORTA is a 5-bit wide port with pins RAO - RA4. Port 
pins RA<3:0> are bidirectional whereas RA4 has a 
open-collector output. PORTA is file register O5h. Its 
corresponding direction control register TRISA is mapped 
in page 1 of register file at address 85h. TRISA is a five- 
bit wide register with bits <4:0>. Refer to Figure 5.1 and 
Figure 5.2 for block diagrams of PORTA pins. 


Data bus 


Pins RA<3:0> are multiplexed with analog input chan- 
nels AIN3 - AINO. Pin RAS is further multiplexed with 
external reference voltage VREF for the A/D. Two bits in 
control register ADCON1 (file register 88h) are used to 
configure these pins as digital (i.e. port) or analog pins. 
When configured as analog inputs, these pins will read Note 1: /O pins have protection diodes 
as ‘0's. Upon power-on reset, RA<3:0> are configured to Von and Vss. 

as analog inputs. 


RA4 should be tied to either Vop or Vss in order to 
present excessive current being drawn by a floating 
Schmitt trigger input (see Figure 5.2). 





TABLE 5.1 - PORTA FUNCTIONS 


RAO/AINO | bit0| input/output port. TTL input leveis Analog input channel 0 
RA1/AIN1 itt input/output port. TTL input levels Analog input channel 1 


RA2/AIN2 input/output port. TTL input levels Analog input channel 2 


RAS/AIN3S/VREF input/output port. TTL input levels Analog input channel 3 or external 
reference voltage input (VREF 


RA4/TOCKI bit4!} Input/output port. Output is open External clock input for TMRO timer/counter 
collector type. Input is Schmitt trigger type. 





TABLE 5.2 - SUMMARY OF PORTA REGISTERS 


Register Name | Function | Address __|_Power-on Reset Value 



















PORTA | PORTA pins when read ---X XXXX 
: _ PORTA latch when written 

TRISA PORTA data direction register soe4 iit 

ADCONT1 A/D converter controlregister {| 88h | = ---= =- 00 


Notes: 1: x =unknown, - = unimplemented, reads as a '0". 
2: For reset values of registers in other reset situations refer to Table 4.1. 
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FIGURE 5.2 - BLOCK DIAGRAM OF RA4 PIN 


Schmitt 
trigger \e/ 


input buffer 


"RD PORT" D> 


RTCC clock input 


Note: I/O pins have diode protection to Vss. 


5.2 PORTB 


PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A‘'1' in TRISB sets the corre- 
sponding port pin as an input. Reading PORTB register 
reads the status of the pins whereas writing to it will write 
to the port latch. See Figures 5.3 and 5.4 for block 
diagrams of PORTB pins. 


Each of the PORTB pins has a weak internal pull-up 
(~250uA typical). The weak pull-up is automatically 
turned off if the port pin is configured as an output. 
Furthermore, bit RBPU (OPTION<7>) can turn off (RBPU 
is set) all the pull-ups. The pull-ups are disabled on 
power on reset. 


PORTB has an interrupt on change feature on four of its 
pins, RB<7:4>. When configured as input, the inputs on 
these pins are sampled and latched every Q1. The new 
input is compared with the old latched value in every 
instruction cycle. An active high output is generated on 
mismatch between the pin and the latch. The “mis- 
match” outputs of RB4, RB5, RB6 and RB7 are OR’ed 
together to generate the RBIF interrupt (latched in 
INTCON<0>). Any pin configured as output is excluded 
from the comparison. This interrupt can wake the chip 
up from SLEEP. The user, in interrupt service routine 
can clear the interrupt in one of two ways: . 


a) Disable the interrupt by clearing RBIE (INTCON<3>) 
bit. 

b) Read PORTB. This will end mismatch condition, 
then clear RBIF bit. 





This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. 


Finally, port pin RBO is multiplexed with external inter- 
rupt input INT. 


FIGURE 5.3 - BLOCK DIAGRAM OF 
PORT PINS RB<7:4> 


Data bus 


“WR TRIS" 


Note: 1. Portlatch = 1 and TRISB = 1 enables weak pull-up if 
RBPU = 0 in OPTION register. 
2. 1/0 pins have diode protection to Vop and Vss. 





FIGURE 5.4 - BLOCK DIAGRAM OF 
PORT PINS RB<3:0> 


1/0 pin 


Notes: 1.DDR = 1 enables weak pull-up if 
RBPU = 0 in OPTION register. 
2. /O pins have diode protection to VDD and Vss. 
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TABLE 5.3 - PORTB FUNCTIONS os , 

L PortPin | eit | Pin Function | liternate Function 
RBO/INT Input/output port pin. TTL input levels and internal | €xternal interrupt input 

| : software programmable weak pull-up (Schmitt Trigger) 

input/output port pin. TTL input levels and internal - 
software programmable weak pull-up 
input/output port pin. TTL input levels and internal - 
software programmable weak pull-up 


Input/output port pin. TTL input levels and internal - 
software programmable weak pull-up 
hai Input/output port pin. TTL input levels and internal , Interrupt on port change 














software programmable weak pull-up 


RBS | Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up | ? 
input/output port pin. TTL input levels and internal Interrupt on port change 

software programmable weak pull-up 









bit7 | Input/output port pin. TTL input levels and internal 


software programmable weak pull-up 









Interrupt on port change 


TABLE 5.4 - SUMMARY OF PORTB REGISTERS 


RegisterName | __—_——Function —_|_ Address _| 
PORTB PORTB pins when read O6h 
PORTEB latch when written 


TRISB -PORTB data direction register 


OPTION Weak pull-up on/off control (RBPU bit) 
See Figure 5.12 





Power-on Reset Value 






1111 1111 
1111 1111 
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5.3 VO PROGRAMMING CONSIDERATIONS 
.3.1_ BIDIRECTIONAL I/O PORT 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of f6 (PORTB) will cause 
all eight bits of f6 to be read into the CPU. Then the BSF 
operation takes place on bit 5 and f6 is re-output to the 
output latches. If another bit of f6 is used as a bidirec- 
tional !/O pin (say bit 0) and it is defined as an input at this 
time, the input signal present on the pin itself would be 
read into the CPU and re-written to the data latch of this 
particular pin, overwriting the previous content. As long 
as the pin stays in the input mode, no problem occurs. 
However, if bit O is switched into output mode later on, 
the content of the data latch may now be unknown. 


A pin actively outputting a "O" or “1" should not be driven 
from external devices at the same time in order to 
change the level on this pin (“wired-or", “wired-and"). 
The resulting high output currents may damage the chip. 


FIGURE 5.5 - SUCCESSIVE I/O OPERATION 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 


EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN VO 
PORT 


; Initial PORT settings: PORTB<7:4> Inputs 
: PORTB<3:0> Outputs 
; PORTB<7:6> have external pull-up and are NC 


PORT latch PORT pins 


BCF PORTB, 7 ; Olpp pppp lipp pppp 
BCF PORTB, 6 ; 10pp pppp llpp pppp 
BSF STATUS, RPO ; 

BCF TRISB, 7 ; lOpp pppp llpp pppp 
BCF TRISB, 6 ; l10pp pppp 10pp pppp 


; Note that the user may have expected the pin 
; values to be O00pp pppp. The 2nd BCF caused RB7 
; to be latched as the pin value (High). 


3.2 IVE OPERATIONS ON I/O PORT: 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5.5). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this I/O port. 


, at} C21 0314! Qi] C2] c31a4' at} C2] a3/Q4 | ar! a2! G3 | Note: 


POX PO KPC OK PCH? PC +3 


instruction + MOVWFPORTB ; MOVF PORTB, W 
fetched Write to PORTB ' Read PORTB 


t 
| 
1 Execute 
i] 
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| [Port pin 
1 sampled here , 


TPO Execute 
MOVWF PORTB '' MOVF PORTB, W' NOP 





Preliminary 


This example shows write 
NOP to PORTB followed by a 
read from PORTB. Note 
that the data setup time = 


{ 

t 

t i] 

{ i 
ae (0.25 TCY - TPD) where 
RB (7:0) i ' TCY = instruction cycle. 
' ' Therefore, at higher clock 

i] i] 

| 


frequencies, write followed 
’ by a read may be 
{ Execute problematic. 
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5.4_TIMERO (TMRO) Module 


The TMRO module timer/counter has the following fea- 
tures: | | 


e 8-bit timer/counter 

e Readable and writable (file address 01h) 
e §8-bit software programmable prescaler 

e Internal or external clock select 

e Interrupt on overflow from FFh to 00h 

e¢ Edge select for external clock 


Figure 5-6 is a simplified block diagram of the TMRO 
module. 


Timer mode is selected by clearing the RTS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 


FIGURE 5-6: TIMERO (TMRO) BLOCK DIAGRAM 










fosc/4 


RTCC 
PIN 
PROGRAMMABLE 
PRESCALER 
RTE 
PS2, PS1, PSO 
Notes: 1. 









two cycles (see Figures 5-7 and 5-8). The user can work 
around this by writing an i value to the TMRO 
module. 


Counter mode is selected by setting the RTS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by control bit RTE 
(OPTION<4>). Clearing the RTE bit selects the rising 
edge. Restrictions on the external clock input is dis- 
cussed in detail in Section 5.4.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by control bit, PSA (OPTION<3>). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1:2, 1:4, ..., 1:256 are selectable. Section 5.4.3 
details the operation of the prescaler. 


DATA BUS 
tL 8 


RTCC (8) 
SET TOIF 


INTERRUPT 
ON OVERFLOW 







SYNC WITH 
iNTERNAL 
CLOCKS 


(2 CYCLE DELAY) 





Bits, RTE, RTS, PS2, PS1, PSO AND PSA are located in OPTION register. 


2. The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 


FIGURE 5-7: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 


PC 
(PROGRAM | ' 
COUNTER) 


1 
t MOVWF TMRO 
' 
' ' 
' ‘ 


INST = 


' 
‘ 
' 
: Write TMRO 
t 


executed 


PC 
(PROGRAM , 
COUNTER) 


Read TMRO 
reads NRT 


get nce cease re Geng, eee eg te ean eg cn eee, ag rere ae og tg onan 


eS: a F< A Ses a CAN ore Se GY SO Ses 
MOVF TMRO, W + MOVF TMRO, W ' MOVF TMRO, W! MOVF TMRO, wi MOVF TMRO, ws 
$ i} ‘ 


1. 2 


PC +6 


NAT X . NAT i?) NAT +1 NRT +2 


t i] 
t ' 
i] a 
' | Read TMRO ! 
| feadsNRT, 


Read TMRO 
, veads NRT +1 


Read TMRO 
, veads NRT +2 


4 
INST = |} MOVWF TMRO +: MOVF TMRO, Ws 1 MOVF TMRO, Wi MOVF TMRO, wi ' MOVF TMRO, Wi MOVF TMRO, Wi 1 


i] 4 
4 4 
1 : 4 1 


t 
1 ___ NRT +14 NAT +2 NAT+3 


i] i 
t 4 
1 t 
' Write TMRO ' 
executed : 
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Read TMRO 
reads NRT 


Read TMRO 
reads NRT + 1 


Read TMRO 
reads NRT + 2 


Read TMRO 
readsNRT+3 | 
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4.5.1 TIME MR 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to 00h. This overflow 
sets the TOIF bit. The interrupt can be masked by 
clearing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt cannot wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 5-9 for TMRO interrupt timing. 


interr 


4.5.2 


When external clock input is used for TMRO, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 


ing TMRO with | 


Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 5-10, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT to 
be high for at least 2 tosc and low for at least 2 tosc 
where: 


tosc = oscillator time period. 


FIGURE 5-9: TIMERO (TMRO) INTERRUPT TIMING 


at | a2| as] as| ar| a2| a3s| as a1 | a2| a3] a4 


OSC1 


CLKOUT(?) 


TMRO timer 


TOIF bit 
(INTCON <2>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION FLOW 


Instruction 


executed Inst (PC - 1) 


Inst (PC) 


Notes: 

1. TOIF interrupt flag is sampled here (every Q1). 
2. Interrupt latency = 4 Tcy where Tcy = 
3. CLKOUT is available only in RC oscillator mode. 
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Dummy cycle Dummy cycle 
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When _no prescaler is used, Psout (Prescaler output, 
see Figure 5-6) is the same as TMRO clock input and 
therefore the requirements are: 


TRTH = TMRO high time = 2tosc + AT 
(See parameter #40) 

TRTL = TMRO low time 2 2tosc + AT 
(See parameter #41) 

When _prescaler_is used, the TMRO module input is 


divided by the asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 


Then: 

Psout high time = PsouT low time = Ne Tat tat 
where 

TRT = TMRO input period 

N =  prescale value (2, 4, ...., 
The requirement is, therefore: 

Neer > 2 tosc + AT, or TAT = ttose +22) 2 AT 


256). 


where 


AT = small RC delay 


(see Timing Specifications). 
The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 


is required. In summary, the TMRO module input re- 
quirements are: 
TRT = TMRO period 2 (4 tosc + 2 AT)/N 
TRTH = TMROhigh time = AT 
TRTL =  TMRO low time = AT 


a 
i | Sa SCRA EARN 
— eee 

ina 


Inst (0005h) 


Inst (0004h) 


instruction cycle time. 
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Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 5-10, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within +4 tosc (+200ns @ 
20 MHz). 7 | 


5.4.3 Prescaler 


An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the watchdog timer, 
respectively (see Figure 5-11). For simplicity, this counter 
is being referred to as "prescaler" throughout this data 


sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignment for the TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 


The PSA and PS2-PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. | 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF TMRO, MOVWF 
TMRO, BSF 1,x ....etc.) will clear the prescaler. When 
assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The prescaler 
is not readable or writable. 


FIGURE 5-10: TIMERO TIMING WITH EXTERNAL CLOCK 


Qt! G21 031 G4 ' atl G2! C3 4 ' atl CBI ABI Sarl eI asl at 


EXT CLOCK INPUT OR ! ! 
PRESCALER OUT (NOTE 2) AAA 


EXT CLOCK/PRESCALER . ; 
OUTPUT AFTER SAMPLING 


INCREMENT TMRO (04) 


TMRO | TR 
Notes: \ es 


ARALULE : 


1 Small pulse 1 
misses sampling 


/ (note 3) 4 | 4 


R+1 


1. Delay from clock input change to TMRO increment i is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 





FIGURE 5-11: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 


CLKOUT (=Fosc/4) ere 
me A 
mes eg 
RTCC (f1) 


RTE cycles 











SET TOIF 
ae INTERRUPT 
A | ON OVERFLOW 
8-BIT COUNTER 
WATCH 
DOG 
TIMER | 
8 TO 1 MUX PSO -PS2 
WDT ENABLE 
EPROM FUSE wx | Be 
WDT NOTE: RTE, RTS, PSA, PSO-PS2 


TIMEOUT of ARE BITS IN THE OPTION REGISTER. 
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5.4.3.1 SWITCHING PRESCALER ASSIGNMENT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 5-2) 
must be executed when changing the prescaler assign- 
ment from TMRO to WOT. Depending on the selected 
prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 


EXAMPLE 5-2: CHANGING PRESCALER 


(TMRO—>WDT) 
1. BCF STATUS, RPO ;Bank 0 
2. CLRF TMRO ;Clear TMRO 
3. BSF STATUS, RPO ;Bank 1 
4. CLRWDT ;Clears WDT and 
prescale 
5. MOVLW B'xxxx1xxx' 7;Select new prescale 
6. MOVWF OPTION ; value 
7. BCF STATUS, RPO ;Bank 0 





TABLE 5-5: SUMMARY OF TMRO REGISTERS 









Register Name 










[Address [Name |_Bit7_ 
| ot |TMRO | TIMERO 


[Function —Cdrons 
TMRO Timer/counter register 


OPTION Configuration and prescaler assignment 81h a Us Bs Es Es po aE 
bits for TMRO. See Figure 4-4 
INTCON TMRO overflow interrupt flag and mask bits 
See Figure 4-5 


TABLE 5-6: REGISTERS ASSOCIATED WITH TMRO 





Steps 2 and 3 are only required if an external TMRO 
source is used. Steps 9 and 10 are necessary only if the 
desired prescale value is '000' or '001'. 


Tochange prescaler from the WDT to the TMRO module 
use the sequence shown in Example 5-3. This precau- 
tion must be taken even if the WDT is disabled. 


EXAMPLE 5-3: CHANGING PRESCALER 
(WDT->TMRO) 


1. CLRWDT ;Clear WDT and 
;prescaler 

2. BSF STATUS, RPO 
3. MOVLW B'xxxx0xxx' ;Select TMRO, new 
;prescale value and 
clock source 

4. MOVWF OPTION 7 


5. BCF STATUS, RPO 


Power-on Reset Value 


XXXX XXXX 





0000 O00x 








: 
8s itisa | | 


Legend — = Unimplemented locations, Read as '0' 
Shaded boxes are not used by TMRO module. 
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5.5 OPTION Register 


The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external INT interrupt, the 
TMRO and the weak pull-ups on PORTB. 


FIGURE 5.12 - OPTION REGISTER 


R/W : 
— naw AR A i Ri POR VALUE: Fh] RW: Readable & writable 
Nie Ag ef 


PRESCALER VALUE TMRO RATE | WOT RATE 


ee ee ee | 
ee eo ee e8 88 88 eof 
a ee ee ae ee a ee | 

ee es ef 28 ef 


Prescaler assignment bit: 
0.... TMRO 
1.... WDT 


TMRO signal edge: 
0 .... Increment on low-to-high transition on RA4/TOCKI pin 
1 .... Increment on high-to-low transition on RA4/TOCKI pin 


TMRO signal source: 
0 .... Internal instruction cycle clock (CLKOUT) 
1 .... Transition on RA4/TOCKI pin 


INT interrupt edge select 
Q.... Interrupt on falling edge 
1.... Interrupt on rising edge 


PORTB pull-up enable 
RBPU = 0: PORTB pull-ups are enabled by individual port-latch values 
RBPU = 1: PORTB pull-ups are disabled overriding any port latch value 
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5.6 A/D converter 


The A/D converter module has four analog input chan- 
nels multiplexed into one sample and hold and A/D 
converter. Reference voltage VREF can come externally 
on RASAINS3/VREF pin or internally from Vobp. The 
converter itself is a successive approximation type and 
produces an 8-bit result in the ADRES register (fO9h). A 
conversion is initiated by setting a control bit (GO/ 
DONE , ADCON<2>). Prior to starting conversion, the 
appropriate channel must be selected and enough time 
allowed for sampling. The conversion time is a function 
of the oscillator cycle. The minimum conversion time 
required is 20us. At the end of conversion the GO/ 
DONE bit is cleared and the A/D flag interrupt is set 
(ADIF). The overall accuracy (zero error, full scale error, 
integral error and quantization error) is less than +1 LSB 
for VoD = 5.12V and VREF = VbD. The resolution and 
accuracy is less when VREF is less than VbbD or for VoD 
less than 5.12V (see specifications for details). 


The following steps should be followed in making an A/D 
conversion: 
1) Configure register ADCON1 (see Figure 5.14) 

¢ Selectanalog/digital/VREF inputs (ADCON1<1:0>) 
2) Configure register ADCONO (see Figure 5.13) 

e Select A/D conversion clock (ADCONO<7:6>) 

e Select A/D channel (ADCON<4:3>) 

e Turn on A/D module (ADCONO<0>) 
3) Configure A/D interrupt (if required) 

e Clear ADIF (ADCONO<1>) 

e Set ADIE (INTCON<6>) 

e¢ Set global interrupt GIE (INTCON<7>) 


4) Start conversion 
¢ Set GO/DONE bit (ADCONO<27>) 
Example: 


Configure RAO and RA1 as analog inputs, VREF = Vop, 
RA2 and RA3 as digital inputs, use A/D interrupt, internal 
RC clock. 


BSF STATUS,5 ;select page 1 

MOVLW 00000010B ;configure A/D inputs 
MOVWF ADCON1 ;configure A/D inputs 
BCF STATUS,5 ;select page 0 

MOVLW 11000001B ;CHO = on, clear ADIF 
MOVWF ADCONO ;tad = tre 

MOVLW 11XXXXXXB ;enable A/D interrupts 
MOVWF INTCON ;and global INT 

BSF ADCONO,2 ;start conversion 


Note: The GO/DONE bit should not be set in the same 
instruction which turns on the A/D. 


Example: 

Wrong: 
MOVLW B'11000111" 
MOVWF ADCONO 

Correct: 
MOVLW B'11000011' 
MOWF ADCONO 
BSF ADCONO, 2 


FIGURE 5.13 - A/D CONTROL AND STATUS REGISTER (ADCONO, ADDRESS 08h) 


RW = RW RI 


R/W R/W R/W R/W R/W 
ADCSt | ADCSO U: 
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minary 


Address: O8h 
Reset value: OOh 


R/W: Readable & 
writable 
Read only 
Unused, 
bitO reads as'0' 


ADON =0 A/D converter module is shut off 
andconsumes no operating current. 

ADON = 1 A/D converter module is operating. 

A/D conversion complete interrupt flag bit. 

Set when conversion is completed. Reset in 

software. 


GO/DONE must be set to begin a conversion. 
It is automatically reset in hardware when the 
conversion is complete. 

Analog channel select: 


CHS1,CHSO= 00: channelOQ (AINO) 
01: channel 1 (AIN1) 
10: channel 2 (AIN2) 
11: channel 3 (AIN3) 
Reserved; can be used as a general purpose 
read/write bit, but not recommended for upward 
compatibility. 
A/D conversion clock select: 
ADCS1, 0 = 00: fosc/2 
: fosc/8 
: fosc/32 
: fre (clock is derived 
from internal RC 
oscillator) 
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5.6.1 A/D CLOCKING SCHEME 


The A/D converter operates on its own clock, tad, 
derived from either the OSC1 clock input or from its own 
on-chip RC oscillator as follows: | 


tad (mustbe>2us) 


2 tosc 
8 tosc 
32 tosc 
tRC (2us-6us, 44s nominal) 


Control bit 
ADCS1, ADCSO 



















The conversion time for each bit is tad. The total 
conversion time is 10tad. Selection must be made such 
that tad is at least 2 us. 


At low frequencies, the RC oscillator can be selected to 
maintain shorter conversion time. The RC oscillator 
frequency varies considerably with voltage, tempera- 
ture and process parameters (2us to Gus period, nomi- 
naily 4s). 


9.6.2 A/D OPERATION DURING SLEEP 


To reduce operating current all biasing circuits in the 
A/D block that consume DC current are shut off when 
ADON bit is a ‘0’. If a conversion is in progress using RC 
oscillator, it willbe completed. The ADIF interrupt flag bit 
will be set and the chip will wake up if the ADIE interrupt 
enable bit is a '1'. Since, during SLEEP, the switching 
noise is eliminated, the conversion accuracy will be the 
maximum possible. This provides a means for getting 
accurate conversions while operating the processor at 
high clock rates. | 


If SLEEP is invoked during aconversion that uses OSC1 
clock, the conversion will be aborted. The A/D converter 
will be shut off. The user must re-initialize the conver- 
sion, starting with resampling. 


Aside from the "GO" and "ADIF", all configuration bits 
change only when written to. In A/D RC mode, conver- 
sion will wait one instruction cycle after GO bit has been 
set. This is to allow the processor to execute a sleep 
instruction before conversion is started. 


FIGURE 5.14 - A/D CONTROL REGISTER (ADCON1, ADDRESS 88h) 


POR value: 00h writable 


00 analog inputs analog input = analog input 
01 analog inputs analog input _ref input 

10 analog inputs digital 1/O digital I/O 
11 digital 1/O digital I/O digital 1/O 





R/W 


08h} R/W: Readable & 


Read only 
Unimplemented, 
reads as'0' 


PCFG1, 0 configures the RAO-RA3 pins in 
various modes: 
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5.6.3 ANA INPUT CONNECTION 
NSI TION 


A simplified circuit for an analog input is shown in Figure 
5.15. First, the user must configure the TRISA register 
such that the analog pins are configured as inputs. 
Second, since the analog pins are connected to digital 
output, they have reverse biased diodes to VDD and Vss. 
The analog input, therefore must be between Vss and 
Vop. If input voltage deviates from this range by more 
than 0.6V in either direction, one of the diodes is forward 
biased and a latch-up may occur. A maximum source 
impedance of 10KQ is recommended for the analog 
sources. At this impedance, the maximum possible 
error caused by the leakage current is +5 mV or +0.25 
LSB at VoD = VREF = 5V (10KQ x 0.5 pA). 


The other reason to limit the maximum source imped- 
ance is to be able to capture the analog input voltage on 
to the holding capacitor. The time constant to charge 
Chold is (see Figure 5.15): 


FIGURE 5.15 - ANALOG INPUT MODEL 


/\, VT = 0.6V 


+500nA 


= Chold(Ric+RSS+Rs) where RS = source 
impedance 


Ric + RSS = 2KQ 
(assuming Rs = 10KQ) 


= 51.2 pF (2KQ +Rs) 

= 51.2 pF x 12KQ 

= 0.6144 ys =T 
from the capacitive charging equation: 

Vhoid = VA (1-e%7) 


for 1/8 LSB error at VoD = 5V 
at 2.5 mV 
e*! = Enna a 
5000 mV 
ort = 7.6T = 4.67us (required sampling time) 


External RC filter is sometimes added for anti-aliasing. 
Once again, the value of the R should be such that the 
total source impedance is kept under 10KQ. Any exter- 
nal component connected to an analog input pin, such 
as a capacitor or a zener diode, should have very little 
leakage current. 


Sampling 
switch 


= DAC capacitance 
= 51.2 pF 


Vss 


Cpin = input capacitance 
VT = threshold voltage 
Iieakage = leakage current at the pin due to various junctions 
Ric = interconnect resistance 
Rss = on resistance of the switch 
SS = sampling switch 
Chold =sample/hold capacitance (from DAC) 
= source impedance of the analog input 
= analog input voltage 
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5.6.4 SAMPLE AND HOLD (S/H) FIGURE 5.16 - TRANSFER FUNCTION 


The sample and hold circuit consists of a sampling 
switch SS (Figure 5.15) and the S/H capacitor whose 
value is typically 51 pF. 


As long as ADON control bit is '1' (bit 0, ADCON 0) and 
a valid analog input channel is selected, the input will be 
continuously sampled. There is no command to start or 
stop sampling. When a conversion is started, sampling 
is ended and conversion begins on the voltage across 
the S/H capacitor. The sample and hold, therefore can 
be more accurately described as "track and hoid". 


After a conversion is completed, sampling begins after 
a delay of 2tad. (tad = A/D conversion clock). The user 
must keep this in mind when allowing for adequate 
sampling time. 


5.6.5 TRANSFER EUNCTION 


The ideal transfer function of the A/D converter is as 


=| 
2 
@ 
8 
3 
Ee 
a 


oe 
follows: The first transition occurs when input voltage a3 
(Va) is 1 LSB (or full scale/256). Figure 5.16 shows the Analog input ge 
ideal transfer function. si 





5.6.6 SUMMARY OF A/D REGISTERS 


A/D result register oon | 
ADCONO A/D control and re 


Status register 
ADCON1 A/D control register 
INTCON (bit ADIE) | Interrupt control register | OBh | 







FIGURE 5.17 - A/D CONVERSION TIMING DIAGRAM 


BSF ADCON, GO 


ADC CLK 
mn 2 | : 1 
socoara tt XO? KO XB KANXSKEXIX ©) 3 
1 ' 
rd 
f 


ADRES OLD_DATA x NEW_DATA 


t 
ADIF , | | 


' 
GO | | DONE 
' 


SAMPLE SAMPLING STOPPED 





1. For A/D RC mode, this edge is delayed by one instruction cycle to allow the processor to execute a sleep instruction. 
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6.0 INSTRUCTION SET SUMMARY 


Each PIC16C71 instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16C71 instruction set 
summary in Table 6.2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 6.1 shows the 
opcode field descriptions. 


For byte-oriented instructions, “f* represents a file regis- 
ter designator and “d" represents a destination designa- 
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If “d" is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while “f" represents the number of the 
file in which the bit is located. 

For literal and control operations, "k" represents an eight 
or eleven bit constant or literal value. 


TABLE 6.1 - OPCODE FIELD 
DESCRIPTIONS 


Register file address (0x00 to 0x7F) 


Working register (accumulator) 







Bit address within an 8-bit file register 
Literal field, constant data or label 
Don't care location (= 0 or 1) 
The assembler will generate code with x = 
0. It is the recommended form of use for 
with all software tools. 
Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 
label 
TOS 
i Be 
PCLATH 
_GIE 
WDT 
TO 
7 
Destination either the W register or the 
specified register file location 
Options 
3 


< > | Register bit field | 
In the set of 


User defined term 
























dest 








sit 


italics 





The instruction set is highly orthogonal and is grouped 
into three basic categories: 


e Byte oriented operations 
e Bit oriented operations 
e Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional testis true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 psec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 psec. 


Table 6.2 lists the instructions recognized by the MPASM 
assembler. 


Figure 6.1 shows the three general formats that the 
instructions can have. 





Ail examples use the following format to represent a 
hexidecimal number: 

Oxhh 
where h signifies a hexidecimal digit. 


FIGURE 6.1 - GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 8 7 6 0 


OPCODE | d | f(FILE #) 


d = 0 for destination W 
d = 1 for destination f 
f = 7-bit file register address 
Bit-oriented file register operations 
13 10 9 7 6 0 


OPCODE b(BIT #) | f(FILE #) 


b = 3-bit bit address 
f = 7-bit file register address 


Literal and control operations 
13 8 7 0 


OPCODE k (LITERAL) 


k = 8-bit immediate value. 
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Bl 6.2 - INSTRUCTION SET 


Mnemonic, Description Cycles aia Opcode Status 
Operands | Affected | 


BYTE-ORIENTED FILE REGISTER OPERATIONS 


Add W and f 

AND W and f 

Clear f 

Clear W 

Complement f 

Decrement f 

‘Decrement f, Skip if 0 
Increment f 

Increment f, Skip if 0 
Inclusive OR W and f 
Move f 

Move W to f 

No Operation 

Rotate left f through carry 
Rotate right f through carry 
Subtract W from f 

Swap halves f 

Exclusive OR W and f 


afff fffF 
afft fff 
1££E £FFL 
Oxxx XxXxXxX 
afff fffFf 
afff ffff 
afff f£ff 
dfff fffFt 
afff ffff 
affft fffFt 
affft fffFt 
1f£ff ££££ 
0xx0 0000. 
afff ffff 
afff fffFf 
afff ffff 
afff ffff 
diff ££ff 


SS ee ee ee ee ee ee ee oe ee ee 


f 
f 
f 
f 
f 
f 
f, 
f 
f 
f 
f 
f 
f 
f 


Bit Clear f bfff £ff£ 
Bit Set f bfff £fFLE 
Bit Test f, Skip if Clear bEEL ELLE 
Bit Test f, Skip if Set | bff££ fffE 


LITERAL AND CONTROL OPERATIONS 


Add literal to W 

AND literal to W 

Call subroutine 

Clear watchdog timer 
Go to address 

Inclusive OR literal to W 
Move literal to W 
Return from interrupt 
Return with literal in W 
Return from subroutine 
Go into standby mode 
Subtract W from literal 
Excl. OR literal to W 


kkkk kkkk 
kkkk kkkk 
kkkk kkkk 
0110 0100 
kkkk kkkk 
kkkk kkkk 
kkkk kkkk_ 
0000 1001 
kkkk kkkk 
0000 1000 
0110 0011 
kkkk kkkk 
kkkk kkkk 


ANDLW 
CALL 
CLRWDT 
GOTO 
IORLW 
MOVLW 
RETFIE 
RETLW 


i ee ee 9 oF 


—_ —_h =) AQ AD AD —) —) AD — PO | — 





Notes: 1. When an I/O register is modified as a function of itself (e.g. MOVF Port B,1 ), the value used will be that value present on the 
pins themselves. For example, if the data latch is "1" for a pin configured as input and is driven low by an external device, the 
data will be written back with a 'O'. 
2. If this instruction is executed on the RTCC register (and, where applicable, d=1), the prescaler will be cleared if assigned to 
the RTCC. 
3. If Program Counter (PC) is modified or a conditional test is true, the instruction es two cycles. The second cycle is 
executed as a NOP. 
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1__Instruction iption 
ADDLW Add Literal to W ANDLW AND Literal and W 
Syntax: [label] ADDLW_ k Syntax: [label] ANDLW k 
Operands: 0<k< 255 Operands: 0<k<255 
Operation: (PC) + 1 — (PC) Operation: (W) .AND. (k) —> W 
(W) +k W Status Affected: Z 
eee eee Encoding 
Encoding: Description: The contents of W register are AND’ed 
Description: The contents of the W register are with the 8-bit literal “k”. The result is 
added to the 8-bit literal “k” and the placed in the W register. 
result is placed in the W register. Words: 1 
Words: : Cycles: 1 
Cycles: : Example: ANDLW Ox5F 
Example: BPDEW: E> Before Instruction 
Before Instruction W = OxA3 
W= 0x10 After Instruction 
After Instruction W = 0x03 
W = 0x25 
ADDWE _. ADD W to f ANDWE AND W withf 
Syntax: [ label] ADDWF _f,d Syntax: [ label] ANDWF _f,d 
Operands: O<f<127 Operands: O0<f<127 
de [0,1] de [0,1] 
Operation: (W) + (f) — (dest) Operation: (W) .AND. (f) > dest 
Status Affected: C, DC, Z Status Affected: Z 
Encoding: [00 | oli] acee[ecee ] Encoding: © [_00 | o101 [ asee | este | 
Description: Add the contents of the W register to Description: AND the W register with register “f’. If 
| register “f’. If “d” is 0 the result is “d” is 0 the result is stored in the W 
stored in the W register. If “d” is 1 the register. If “d” is 1 the result is stored 
result is stored back in register “f’. back in register “f’. 
Words: 1 Words: 1 
Cycles: 1 Cycles: 1 
Example: ADDWF FSR, 0 Example: ANDWF FSR, 1 
Before Instruction _ Before Instruction 
W = Ox17 W = 0x17 
FSR = OxC2 FSR = 0OxC2 
After Instruction After Instruction 
W = OxD9 W = Ox1i7 
FSR = OxC2 FSR = 0x02 
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- BCE Bit Clear f 
Syntax: { label] BCF f,b 
Operands: O0<f<127 
O<b<s7 
Operation: 0 — f<b> 


Status Affected: None 


Encoding: 


Description: Bit “b” in register “f’ is reset to 0. 
Words: . 1 
Cycles: | 1 
Example: BCF FLAG_REG, 7 
Before Instruction 
FLAG_REG = OxC7 
After Instruction 
FLAG_REG = 0x47 
BSE Bit Set f 
Syntax: [ label] BSF f,b 
Operands: — O<f< 127 
O<b<7 
Operation: 1 > f<b> 


Status Affected: None 


Encoding 


Description: Bit “b” in register “f is set to 1. 
Words: 1 

Cycles: 1 

Example: BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 


After Instruction 
FLAG_REG= # Ox8A 


BTFSC Bit Test, skip if Clear 
Syntax: [ label] BTFSC f,b 
Operands: O0<f< 127 

O<b<7 . 
Operation: skip if (f<b>) = 0 


Status Affected: None 


Encoding: 


Description: If bit 'b' in register 'f' is '0' then the next 
instruction is skipped. 


If bit 'b’ is ‘0’, the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


Words: 1 

Cycles: 1(2) 

Example: HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE « 


Before Instruction 
PC =address HERE 

After Instruction 
if FLAG<1> =0, PC = address TRUE 
if FLAG <1>-1, PC =address FALSE 


BTFSS Bit Test, skip if Set | 
Syntax: [label] BTFSS f,b 
Operands: O<f<127 
O<b<7 
Operation: skip if (f<b>) = 1 


Status Affected: None 


Description: If bit “b” in register “f’ is “1” then the 
next instruction is skipped. 


If bit “b" is "0", the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


Words: 1 

Cycles: 1 (2) 

Example: HERE BIFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE - 


Before Instruction 
PC =address HERE 

After Instruction 
if FLAG<1> =0, PC =address FALSE 
if FLAG <1>-1,PC = address TRUE 
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CALL Subroutine Call 

Syntax: [label] CALL k 

Operands: 0<k< 2048 

Operation: (PC) +1— TOS, 
k — PC<10:0>, 
(PCLATH<4:3>) —+ PC<12:11>; 


Status Affected: None 


Encoding: 
Description: Subroutine call. First, return address 
(PC + 1) is pushed onto the stack. The 
11-bit immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH (f03). 
CALL is a two-cycle instruction. 
Words: 1 
Cycles: 2 
Example: HERE CALL THERE 
Before Instruction 
PC = Address HERE 
After Instruction 
PC = Address THERE 
TOS = Address HERE 
LRE Clear f 
Syntax: [ label] CLRF f 
Operands: O<f<127. 
Operation: 00h — f 


Status Affected: Z 


Encoding: | 00 | ooo1| iste] fees 
Description: The contents of register ‘f’ are cleared. 
Words: 1 
Cycles: 1 

FLAG_REG 


Example: CLRF 


Before Instruction 
FLAG_REG= # Ox5A 


After Instruction 
FLAG_REG = 0x00 


CLRW Clear W Register 
Syntax: [ label] CLRW 
Operands: None 

Operation: 00h (W), 1 ~ Z 


Status Affected: Z 


Encoding: [00 | 0001] oxxx 
Description: W registered is cleared. Zero bit (Z) 
is set. 
Words: 1 
Cycles: 1 
Example: CLRW 
Before Instruction 
W = Ox5A 
After Instruction 
W = 0x00 
Ze= 1 


CLRWDT Clear Watchdog Timer 


Syntax: [ label] CLRWDT 
Operands: None 
Operation: 00h —WDT, 
0 — WDT prescaler, 
1+ TO 
1— PD 


Status Affected: TO, PD 


Encoding. | 00 | oo00| o110{ 0100 

Description: CLRWDT instruction resets the 
Watchdog Timer.it also resets the 
prescaler of the WDT. Status bits TO 
and PD are set. 

Words: 1 

Cycles: 1 

Example: CLRWDT 


Before Instruction 

WDT counter = ? 
After Instruction 

WDT counter = 0x00 
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COMF Complement f : DECFSZ | Decrement f, skip if 0 


Syntax: [ label] COMF f,d | Syntax: [ label] DECFSZ f,d 
Operands: O<f<127 3 Operands: 0<f< 127 
de [0,1] de [0,1] 
Operation: (f) > (dest) Operation: (f)- 1-—>d; skip if result = 0 
Status Affected: Z Status Affected: None 
Encoding: [00 | a001] atte] fete] | Encoding: © [00 | a0aa atte] tere 
Description: The contents of register “f’ are comple- Description: The contents of register “f’ are decre- 
mented. If “d” is 0 the result is stored _ mented. If “d” is 0 the result is placed 
in W. If “d’ is 1 the result is stored back : ~ inthe W register. If “d” is 1 the result 
in register “f’. | | is placed back in register “?’. 
Words: 1 | If the result is 0, the next instruction, 
Cycles: , : which is already fetched, is discarded. 
: A NOP is executed instead making it 
Example: COMF REG1, 0 a two-cycle instruction. 
Before Instruction Words: 1 
neo eee Cycles: 1 (2) 
After Instruction E le: 
REG1= OxA5 xample: HERE DECFSZ CNT, 1 
Ww = Ox5A | GOTO LOOP 
CONTINUE - 


Before Instruction 
PC = address HERE 


After Instruction 
CNT = CNT - 1 
if CNT =0,PC=address CONTINUE 
if CNT #0,PC =address HERE + 1 


DECF Decrement f , GOTO Unconditional Branch 
Syntax: [label] DECF fd Syntax: [ label] GOTO k 
Operands: O<f<127 Operands: 0<ks 2048 
. de [0,1] de [0,1] 
Operation: (f)-1 — (dest) Operation: k —. PC<10:0>, 
Status Affected: Z (PCLATH<4:3>) + PC<12:11> 


Description: Decrement register “f’. If “d” is 0 the Encoding: kkkk | kkkk 





result is stored in the W register. If “d” Description: GOTO is an unconditional branch. 
is 1 the result is stored back in register The 11-bit immediate value is loaded 
ie into PC bits <10:0>. The upper bits of 
Words: 1 PC are loaded from PCLATH <4:3>. 
| GOTO is a two-cycle instruction. 
Cycles: 1 Words: , 
Example: DECF CNT, 1 Cycles: 9 
Before Instruction : 
CNT = 0x01 Example: GOTO THERE 
Z = 0 . After Instruction 
After Instruction PC = Address of THERE 
CNT = 0x00 
Zz ae 
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INCF Increment f 
Syntax: [ label] INCF  f,d 
Operands: O<f< 127 

de [0,1] 
Operation: (f) + 1 — (dest) 


Status Affected: Z 


Encoding:  |_oo | 1010| agee | eee | 
Description: The contents of register “f are incre- 
mented. If “d” is 0 the result is placed 
in the W register. If “d” is 1 the result 
is placed back in register “f’. 
Words: 1 
Cycles: 1 
Example: INCF CNT 1, 
Before Instruction 
CNT = OxFF 
Z = 0 
After Instruction 
CNT = 0x00 
Z — 
INCFSZ Increment f, skip if 0 
Syntax: [ label] INCFSZ f,d 
Operands: O<f< 127 
de [0,1] 
Operation: (f) + 1 — (dest), skip if result = 0 


Status Affected: None 


| oo | 11ti| aces | sees | 


The contents of register “f’ are incre- 
mented. If “d” is 0 the result is placed 
in the W register. If “d” is 1 the result 
is placed back in register “f’. 


Encoding: 


Description: 


If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 
Words: 1 
Cycles: 1 (2) 
Example: HERE INCFSZ CNT, 1 


GOTO LOOP 
CONTINUE « 


e 


Before Instruction 
PC =address HERE 
After Instruction 
CNT = CNT - 1 


if CNT = 0, PC = address CONTINUE 
if CNT #0,PC =address HERE + 1 


IORLW 


Syntax: 
Operands: 
Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example: 


lORWE 


Syntax: 
Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Inclusive OR Literal with W 


[ label] |ORLW_ k 
0<k<255 

(W) .OR. (k) — (W) 
Z 


The contents of the W register are 
OR’ed with the eight bit literal “k”. The 
result is placed in the W register. 


1 
1 
IORLW 0x35 





Before Instruction 
W = Ox9A 


After Instruction 
W = OxBF 


Inclusive OR W with f 


[ label] |ORWF f,d 
O<f<127 

de [0,1] 

(W) .OR. (f) — (dest) 
Z 


| oo | o100| aeee| esse 


Inclusive OR the W register with reg- 
ister “f’. If “d” is O the result is stored 
in the W register. If “d” is 1 the result 
is stored back in register “f’. 

1 

1 
IORWF RESULT, 0 


Before Instruction 
RESULT = 0x13 
W = Ox91 


After Instruction 
RESULT = 0x13 
W = 0x93 
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MOVLW. 
Syntax: | 

Operands: 
Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example: 


MOVE 


Syntax: 
Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Move Literal to W 

{ label] MOVLW_ k 
O<k<s255 

k — (W) 

None 


The eight bit literal “k” is loaded into W 
register. 


1 
1 
MOVLW Ox5A 


After Instruction 
W = Ox5A 


Move f 


[label] MOVF f,d 


O<f<127 
de [0,1] 


(f) — (dest) 
Z 


| 00 | 1000} afee| fete 


The contents of register f is moved to 
destination d. If d=0, destination is W 
register. If d= 1, the destination is file 
register f itself. d= 1 is useful to test 
a file register since status flag Z is 
affected. 


1 


MOVF FSR, 0 


After Instruction 
W = value in FSR register 


MOVWF Move W tof 
Syntax: [ label] MOVWF f 
Operands: O0<f<127 
Operation: (W) - (f) 


Status Affected: None 


Encoding: | _00 | oooo| ieee] eres | 
Description: Move data from W register to register 
aa ce 
Words: 1 
Cycles: 1 
Example: MOVWF OPTION 
Before Instruction 
OPTION = OxFF 
W = Ox4F 
After Instruction 
OPTION = Ox4F 
W = Ox4F 
NOP No Operation 
Syntax: [ label] NOP 
Operands: None 
Operation: No operation 


Status Affected: None 


Description: No operation 
Words: | 1 

Cycles: 1 

Example: NOP 
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RETLW Return Literal to W 
Syntax: [ label] RETLW k 
Operands: 0<k<255 

Operation: k -W; TOS — PC; 


Status Affected: None 


Description: The W register is loaded with the 
8-bit literal “k”. The program counter 
is loaded from the top of the stack (the 
return address). This is a two-cycle 





Encoding: 





instruction. 
Words: 1 
Cycles: 2 


W contains table offset 
value 
W now has table value 


: 
| 
: 


=e 


TABLE ADDWF PC W = offset 


=e 





RETLW kl ; Begin table 
RETLW k2 ; 
RETLW kn ; End of table 
Before Instruction 
W = Ox07 


After Instruction 
W = value of k7 








RETFIE Return from interrupt RETURN ___Return from Subroutine __ 
Syntax: [ /abe!] RETFIE Syntax: [ label] RETURN 
Operands: | None Operands: None 
Operation: TOS > PC, Operation: TOS ~— PC; 
Peete Status Affected: None 
Status Affected: None 
Encoding: 0000 | 0000 {| 1000 
Enceelng: ee eee Description: Retum from subroutine. The stack is 
Description: Return from Interrupt. Stack is | popped and the Top Of the Stack 
popped and Top of the Stack (TOS) (TOS) is loaded into the program 
is loaded in PC. Interrupts are en- counter. This is a two-cycle 
abled by setting the GIE bit. GIE is instruction. 
the global interrupt enable bit (IN- Words: 1 
TCON<7>). This is a two-cycle re 
instruction. Cycles: 2 
Words: 1 Example: RETURN 
Cycles: 2 After Interrupt 
Example: RETFIE eee 
After Interrupt 
PC = TOS 
GIE = 1 
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RLF ___Rotate Left_f through Carry SLEEP 
Syntax: [label] RLF fd Syntax: [ label] SLEEP 
Operands: O<f<127 Operands: None 
de [0,1] Operation: 00h > WOT, 
Operation: f<n> > d<n+1>, f<7>-C, C > 0 - WDT prescaler 
d<0>; 1 TO, 
Status Affected: C ais bie 
encoding: Loo _[ sioa | acee[ sess] Stats Mesto 10, Po 
Description: The contents of register “‘f are rotated encoding: | 00} 0000} 0120 | 0013 
one bit to the left through the Carry Description: The power down status bit (PD) is 
Flag. If “d” is O the result is placed in cleared. Time-out status bit (TO) is 
the W register. If “d” is 1 the result is set. Watchdog Timer and its pres- 
stored back in register ‘f’. caler are cleared. 
The processor is put into SLEEP mode 
LE f{_resister# fe with the oscillator stopped. See sec- 
tion on SLEEP mode for more details. 
words: L Words: 1 
Cycles: 1 Cycles: , 
Example: RLF REG1, 0 Example: SLEEP 
Before Instruction 
REG1 = 11100110 . 
Cc = 0 
After Instruction 
REG1 = 11100110 
w = 11001100 
Cc = 1 
RRF Rotate Right_f through Car SUBLW Subtract W from Literal 
Syntax: [label] RRF fd Syntax: [ label] SUBLW k 
Operands: — 0<f<127 Operands: 0<k<255 
dé [0,1] Operation: k-(W) — (W) 
Operation: ie = ae Status Affected: C, DC, Z 
C > de7>; Encoding: 
Status Affected: C Description: The W register is subtracted (2's 
Bate complement method) from the 8-bit 
Encoding: | oo | 1100] atef| feet, literal “k”. The resultis placed in the W 
Description: The contents of register “f are rotated register. 
| one bit to the right through the Carry 
Flag. If “d” is O the result is placed in Words: 1 
the W register. If “d” is 1 the result is Cycles: 1 
placed back in register “f’. 
Example 1: SUBLW 0X02 
Le fH resistert fs Before Instruction 
W = 
Words: 1 Oe 
ree After Instruction 
Cycles: 1 w= 1 
C = 1 - ;result is positive 
Example: ARE aan Example 2: Before Instruction 
Before Instruction W= 3 
REG1 = 11100110 C= ? 
C ae 20 After Instruction 
After Instruction W = FF 
REG1 = 11100110 C = 0 _ ;result is negative 
Ww = 01110011 
Cc = 0 
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SUBWE Subtract W_from f 
RE : Se a = 
Syntax: [ label] SUBWF fd . 
Operands: 0<f< 127 . 
de [0,1] : 
Operation: (f)-(W) — (dest) - 
Status Affected: C, DC, Z - 
Description: Subtract (two's complement method) - 
the W register from register “f’. If “d” . 
is 0 the result is stored in the W . 
register. If “d” is 1 the result is stored - : 
back in register ‘ft’. — - 
Words: 1 — 
Cycles: 1 
Example: 
Example 1: SUBLW REG1,1 
Before Instruction 
REG1 = 0 
W = 1 
Cc = 7 
After Instruction 
REG1 = FF 
W = 1 
C = 0 ;result is negative 
Example 2: Before Instruction 
REG1 = FF 
W = 0 
Cc = 7 
After Instruction 
REG1 = FF 
W = 0 ‘ 7 : 
C = 1 ;result is positive XORLW Exclusive OR literal with W 
SWAPF S f Syntax: { label] XORLW_ k 
SWAT LUpWwap Tt 
Operands: O0<k<s 255 
Syntax: [label] SWAPF fd Operation: (W) .XOR. k > (W) 
Operands: O<f<127 Status Affected: Z 
de [0,1] : 
ine 2 ee Encoding 
f<A-7> ~ d<0:3>: Description: The contents of the W register are 
Pe XOR’ed with the 8-bit literal “k”. The 
Status Affected: None result is placed in the W register. 
Encoding: [oo [asiofaeet [#826] = Wo, 
Description: The upper and lower nibbles of regis- Cycles: { 
ter “f’ are exchanged. If “d” is 0 the 
result is placed in W register. If “d” is Example: XORLW OxAF 
1 the result is placed in register ‘T’. Before Instruction 
Words: 1 W = OxB5 
Cycles: 1 After Nace 
= Ox 
Example: SWAPF REG, 0 
Before Instruction 
REG = 0xA5 
After Instruction 
REG = 0xA5 
W = O0x5A 
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XORWF Exclusive OR W with f 


Syntax: Ss [label] XORWF fd 

Operands:  § O<f< 128 a 
de [0,1] 

Operation:  _ (W) .XOR. (f) > (dest) 


Status Affected Z | 


Encoding: [00 | 0110 | ates | free | 


Description: Exclusive OR the contents of the W 
| register with register “f”. If “d” is.0 the 
result is stored in the W register. If “d” 


is 1 the resultis stored back in register 





a en 
Words: 1 
Cycles: 1 
Example: XORWF REG, 1 
Before Instruction 
REG = OxAF 
Ww = OxB5 
After Instruction 
REG = Ox1A 
W = OxB5 
cere eae Preliminary 
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7.0 DEVELOPMENT SUPPORT 


7.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


e PICMASTER™ Real-Time In-Circuit Emulator 
e PRO MATE™ Universal Programmer 

e PICSTART™ Low-Cost Prototype Programmer 
e Assembler 

e Software Simulator 


7.22 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal !n-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on low-cost 
PC compatible machines ranging from 80286-AT® class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows® 3.X environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 

¢ Emulator Control Pod 

e Target-Specific Emulator Probe 

¢ PC Host Emulation Control Software 


The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DDE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.X, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g.,a system containing a PIC16CXX processor anda 
PIC17CXX processor). 


7.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vpp and VppP sup- 
plies which allows it to verify programmed memory at 
Vobd min and VoD max for maximum reliability . It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect in this 
mode. Its EEPROM memory holds data and parametric 
information even when powered down. Itis ideal for low 
to moderate volume production. 


FIGURE 7.1 - PICMASTER SYSTEM CONFIGURATION 





Power Switch 


Power Connector interchangeable 


Emulator Probe 
Aux. 


PC-Interface 


PICMASTER Emulator Pod 


PC Compatible Computer Probes # r 
(AT/ISA Bus) (for Industry Standard Architecture) 


Common Interface Card 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VDD min, VDD max and VPprP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular “programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


7.4 PICSTART™ Programmer 


The PICSTART programmer is an easy to use, very low- 
cost prototype programmer. It connects to the PC via 
one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
andefficient. The user interface is full-screen and menu- 
based. 


7.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX.and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


® Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


¢ Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. : 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


¢ Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


e Control Directives permit sections of conditionally 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


7.6 Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tooi. 


7.f_ Development Systems 





For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 7-1: 


TABLE 7-1: DEVELOPMENT SYSTEM 
| PACKAGES 


Co nll System Description 


PICMASTER™ | PICMASTER In-Circuit Emulator 
with your choice of Target Probe, 
PRO MATE Programmer, 


Assembler, Software Simulator and 
Samples. 


PICSTART™ | PICSTART™ Low-Cost Prototype 
System Programmer, Assembler, Software 
Simulator and Samples 





7.8 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER Devices Maximum Operating 
see eee a Beta dick Frequency Wilkes acl ees 





PROBE - 168 | 16B rpiciec71 | iomHz | 45v-5sv | MHZ | 4.5V - 5.5V 
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8.0 ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratingst 


Ambient temperature Under DiaS .................csssccccsssssccescsnsccececessssenscosscnsscauecsessnestesseceneaecesssnecsensoassssrscses .-55 tot 125°C 
DIOLAGE: VOM PCat ess ase ssvacecesyacacsaspsutacs tevaiseaateueisneeseausdacansdvaulnent ciivaneelduveiet soos sacar spar oad areal ak, - 65°C to +150°C 
Voltage on any pin with respect to Vss (except VDD ANd MCLR) .............c::ccecesssseceesesssrteessseseeeeseees -0.6V to VoD +0.6 V 
Voltage on VDD With reSPect tO VSS .........cesccssscsessoesetseccoscscsessesssssvsnveseusenseseabecssvecanensessseasesssussousssessonsocsnscensonsnssenoeeenecestensesseeeeseons 0 to +7.5V 
Voltage on MCLR with respect to VSS (Note 2) .....cccscescsescsssssscssesecsesssssssssecsescsessescsvesssesesanessseensacavssevanenesenees Oto +14 V 
Total power: DISSiIpAation (NOLS 1) s.eitscc oi cevcGecicavascsctee ies cconewroes ceca akelelgs dss Gosek dns svantnens cepeevediwevnevedstuclveure iuawtouies 800mW 
Max: Gurrent OUL OF VSS: O1IMy css, dovacetcacsedes apeaieateccteudog tosis oiusdwliedouu eases aqatied be wanscuatoGed vpnseea nobus aman menit ites aeneas te swanaaees 150mA 
MAX? CUPCML IMO! VDDD II costo acoescovacivnniesavecsoteracecupadselccl sussiawasscueatensaatuestua Ra eieoun Got enes ts corsa aseneasases MONE e eee 100mA 
Input Clamping Current, lik (Vi<O OF VI>VDD) ............::ssccccccescesssscesscececesecesensescaeeeseseeceeneseceeeeeeesescencersneacensesenseneas +20mA 
Output Clamping Current, lOK (VO<O OF VO>VDD) ............cssscccccesssssececessssseaccesscaeeececesesasecssseeecesessnecesaceseeeesseesess +20mA 
Max. Output Current-Sunk. by. any 1/© pitiix.sisicpzctesenesivsstascadbadsonsvwseseveniasvavgede cot esnees desassondocai save har egdisacsduleseseaeeeees 25mA 
Max. Output Current sourced by any I/O Pin ............csscccccccessssssssssscceeceeessssesscesececeneececesssneeeeseeseneacessensnsseseeeerseeeass 20mA 
Max. Output Current:sunk:by VO: PORTA wicas a sisecsdtirvanses deceeeedichhgase sn deceedcs davai snannaconecacdavessaccntcavsandudesaacdcasseveomuboseis 80mA 
Max<Output- Current sunk by:l/O POR TB Wasa vasvcssscccegatiseced cussaievcavssusansetsi chsvetcieveussuis  hveassaeesavasenmneseseiaents 150mA 
Max. Output Current sourced by I/O PORTA ...........ccsscccssesseetessencecsosseceeseececsssnsettsnnacessscaeseseceecsscaeessetensnaeeeesonessases 50mA 
Max. Output Current sourced by I/O PORTB...............:sccsssseesssscesessssceesseeceesssesessseeaeeesseeecssarerseasecesseseeaenesesenseness 100mA 


Notes: 1. Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as 
follows: 


Pdis = Vop x {lDD - >| loh} + & {(VDD-Voh) x loh} + %(Vol x lol) 

2. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a “low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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8.1 DC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 

: Operating temperature -40°C <TA<+ 125°C for automotive, 

POWER SUPPLY PINS -40°C <TA<+ 85°C for industrial and 
0°;C <TA<+70°C for commercial 


Operating voltage VOD =4.0V to6.0V 













Voo start voltage to 
guarantee power on reset 
Vpp rise rate to guarantee 
power on reset 


osc = 4 MHz, VoD = 5.5V (Note 5) 
Fosc = 32 KHz, VoD = 4.0V, WDT disabled, 
LP osc config., A/D off (Note 6) 
Fosc = 16 MHz, Vob = 5.5V, HS osc configuration 
(PIC16C71-16) 7 





Power Down Current 
(Note 4) 
Vopd = 4.0V, WDT enabled, -40°C to +125°C 
Vopd = 4.0V, WDT disabled, 0°C to +70°C 
Vopd = 4.0V, WDT disabled, -40°C to +85°C 
Vop = 4.0V, WOT disabled, -40°C to +125°C 


BEES 


Note 1: Date Uabeled "Typical" is based on characterization results at 25°C. This data is for design 

and is not tested for, or guaranteed by Microchip Technology. 

Note 2: This is the lim}t to which Vop can be lowered in SLEEP mode without losing RAM data. 

Note 3: The supply Current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an impact 
on the current consumption. © 


The test conditions for all Ib> measurements in active operation mode are: 


OSC 1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT = Vop, MCLR = Vpp; WDT 
enabled/disabled as specified. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

Note 5: For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir = VobD/2Rext (mA) with Rext in kKOhm. 

Note 6: For current contribution due to A/D module, see section 8.5. 
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8.2 DC CHARACTERISTICS: PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 







DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 
POWER SUPPLY PINS Operating temperature -40°C <TA<s+ 125°C for automotive, 
-40°C <TA<-+ 85°C for industrial and 

0°C <TAs+70°C for commercial 
Operating voltage VoD =3.0V to 6.0V 






















Characteristic 
Supply Voltage 

Voo 

RAM Data Retention 

Voltage (Note 2) 

Voo start voltage to VPOR 

guarantee power on reset 











— 
wn 


< 
n 
“a 





Ree Ret 5 details on power on reset 
~ ) Nioft 5.2 for details on power on reset 
(SN 


om = 4 MHz, VoD = 5.5V (Note 5) 
Fose = 32 KHz, VoD = 3.0V, WDT disabled, 
P osc config., A/D off (Note 6). 


Voo rise rate to guarantee SVDD 
power on reset 


Supply Current (Note 3) a 


i 


loading and’switching rate, oscillator type, internal code execution pattern, and temperature also have an impact 
on the current consumption. 
The test conditions for all lop measurements in active operation mode are: 


OSC 1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT = Vop, MCLR = Vop; WOT 
enabled/disabled as specified. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

Note 5: For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir = Vop/2Rext (mA) with Rext in kKOhm. 

Note 6: For current contribution due to A/D module, see section 8.5. 








Power Down Current 
(Note 4) 










Vop = 3.0V, WOT enabled, -40°C to +125°C 
Vop = 3.0V, WDT disabled, 0°C to +70°C 

VoD = 3.0V, WDT disabled, -40°C to +85°C 
| Voo = 3.0V, WOT disabled, -40°C to +125°C 








Note 1: 


Note 2: 
Note 3: 
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8.3 DC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
P1C16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 





‘DC CH ARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 
ALL PINS EXCEPT POWER SUPPLY Operating temperature -40°C <TaAs +125°C for automotive, 
- -40 < TA < +85°C for industrial 
and 0°C < Ta <+70°C for commercial 
Operating voltage VoD range as described in DC spec table 8.1 


Characteristic _ Min Typ Conditions 
(Note 1) e 
























Input Low Voltage 
1/0 ports Vit Vss 
MCLR, TOCKI, OSC1 Vss 
(in RC configuration) 

OSC1 (in XT, HS and LP Vss 
configuration) , 
input High Voltage 
1/0 ports 






MCLR, TOCKI, OSC1 
(in RC configuration) 
OSC1 (in XT, HS or LP 
configurations) 















input Leakage Current 

(Notes 3, 4) 

1/0 port RB Vss < VPIN < VDD, Pin at hi-impedance 
W/O port RA Vss < VPIN < VpD, Pin at hi-impedance 
MCLR, TOCKI Vss < VpIN < VDD 
















OSC1 Vss < Vpin < VoD , XT, HS and LP osc 


configuration 













Output Low Voltage | 
1/0 Ports 






lo. = 8.5 mA, VoD = 4.5V, -40°C to +85°C 
lo. = 7.0 mA, VpbD = 4.5V, -40°C to +125°C 
lo. = 1.6 mA, Vop = 4.5V, -40°C to +85°C 

lot = 1.2 mA, Vo = 4.5V, -40°C to +125°C 





<<< < 







lOH = -3.0 mA, VoD = 4.5V, -40°C to +85°C 
IoH = -2.5 mA, Vop = 4.5V, -40°C to +125°C 
loH = -1.3 mA, VoD = 4.5V, -40°C to +85°C 

IOH = -1.0 mA, VoD = 4.5V, -40°C to +125°C 










OSC2/CLKOUT 
(RC osc configuration) 


<<< < 





Note 1: Datain the column labeled "Typical" is based on characterization results at 25 ° C. This datais for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C71. 
be driven with external clock in RC mode. | 


Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : RA4/TOCKI open collector output. Maximum pull-up voltage = VoD. 
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8.4 AC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard Operating Conditions (unless otherwise stated) 
AC CHARACTERISTICS Operating temperature -40°C < TA< +125°C for automotive, 
-40 < Ta < +85°C for industrial 
and 0°C < TA < +70°C for commercial 
Operating voltage VoD range as described in DC spec table 8.1 


Characteristic Typ Conditions 
(Note 1) 


External CLOCKIN XT and RC osc mode 
Frequency (Note 2) HS osc mode (PIC16C71-04, 





Oscillator Frequency 
(Note 2) 


Instruction Cycle Time 


External Clock in Timing 

(Note 4) 

Clock in (OSC1) High or Low Time 

XT oscillator type TCKHLXT 
LP oscillator type TCKHLLP 
HS oscillator type TCKHLHS 
Clock in (OSC1) Rise or Fall Time 

XT oscillator type 

LP oscillator type 

HS oscillat e 


illator 
RESET Timing 
MCLR Pulse Width (low 
TMRO Input Timing, No Prescaler 
TOCKI High ee Width 


TMRO Input Timing, With Pyés 
TOCKI High Pulse Width Note 3 
TOCKI Low Pulse Width Note 3 
Beas : ues a prescale 


Watchdog Timer Timeout Poy — 
No Prescaler TwoT Vop = 5V, -40°C to +125°C 


OST/PWRT Timings 

Oscillation Start-up Timer Pewriod osc = OSC1 period 
Power up timer period TPWRT Von = 5V, -40°C to +125°C 
1/0 Timing 

I/O Pin input Valid Before CLKOUTT TiovackH | 0.25 Tcy+ 30 


I/O Pin Input Hold After CLKOUTT TckH2iol | 0 
[/O Pin Output Valid After CLKOUTL TioV2ckL 





* These parameters are characterized but not tested. 
For notes refer to top of page 54. 
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NOTES TO TABLE 8.4 | _— 
Note 1: Data in the column labeled ‘Typical’ is based on characterization results at 25°C. This data is for design guidance only and is not tested for, or guaranteed by 
Microchip Technology. | a <a 


Note 2: —_ Instruction cycle period (Tcy) equals four times the input oscillator time base period. 
All specified values are based on characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may resultin an unstable oscillator operation and/or higher than expected current consumption. All devices are tested to operate 
at “min.” values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 

Note 3: For a detailed explanation of TMRO input clock requirements see section 5.4.1. 

Note 4: — Clock-in high-time is the duration for which clock input is at VIHOSC or higher. Clock-in low-time is the duration for which clock input is at VIHOSC or lower. 


8.5 A/D CONVERTER PIC16C71-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
CHARACTERISTICS: PIC16C71-16 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
Z\ 










Standard Operating Conditions (unles wise stated) 


or automotive, 












AC CHARACTERISTICS 


Integral error 


Full scale error 
Offset error 











Recommended 
impedance of analog 
volta 







ADCS1,0 = 00 (for tosc > 1 us) 
ADCS1,0 = 01 (for tosc 20.25 ps) 
ADSC1,0 = 10 (for tosc > 62.5 ns) 
ADSC1,0 = 11 (RC oscillator 
source is selected) 








Conversion ti Ng 


_ ae 














The minimum time is the amplifier 
settling time. This may be used of the 
"new" input voltage has not changed 
by more than 1 Lsb (i.e. 20mV @ 
5.12V) from the last sampled voltage 


(as stated on C,,,,,)- 





fete al hl 
current (Vop 
lal 
(Note 4) 


Note 1: All entries in the typ” column are at 5V, 25°C unless otherwise stated. 
Note 2: The error will be more for lower Vrer and/or lower Voo. 


mA | During charging 


All other times 





Note 3: When A/D is off, it will not consume any current other than minor leakage current. The power down current spec includes any such leakage from the A/D module. 
Note 4: Vrer current is from RA3 pin or Vo pin, whichever is selected as reference input. 
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8.6 A/D CONVERTER PIC16LC71-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
CHARACTERISTICS: 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C < TA< +125°C for automotive, 
AC CHARACTERISTICS -40 < Ta < +85°C for industrial 
and 0°C < TA < +70°C for commercial 
Operating voltage VpD range as described in DC spec table 8.1 


Characteristic Typ 
(Note 1) 


|Resolution [NA [- sd Bits | - | Wrer=Vop=3.0V(Note2) 


i 
+2 LSB /\ 
ee oe i ee 
+2 LSB 
+2 LSB Yee 
guaranteed | Meee SZ 


Monotonicity guaranteed 
Reference voltage 
—_ 


zi 2a 
G| & 
nN 

GQ 

© 

< 


< 
) 
m 
mI 


0.3 


< 
no 
7) 


Analog input voltage VAIN 


Recommended 
impedance of analog ZAIN 
voltage source 
A/D clock period ADCS1,0 = 00 (for tosc = 1 ps) 
ADCS1,0 = 01 (for tosc >0.25 us) 
ADSC1,0 = 10 (for tosc = 62.5 ns) 
ADSC1,0 = 11 (RC oscillator 
source is selected 
Conversion time 
(not including S/H time) 


Sampling time 


“| 
O 
z 
< 


The minimum time is the amplifier 
settling time. This may be used of the 
"new" input voltage has not changed 
by more than 1 Lsb (i.e. 20mV @ 
5.12V) from the last sampled voltage 
(as stated on C,,, ,). 


Average current consumption 
when A/D is on (Note 3 


Si | 





AL & 
MK 
E 


A/D conversion | 


current (Vpp 





VreF input | During charging 
Note 4 C 10 \_| All other times 


Note 1: All entries emai are at 5V, 25°C unless otherwise stated. 

Note 2: These specifications apply if VREF = 3.0V and if Vop = 3.0V. 

Note 3: When A/D is off, it will not consume any current other than minor leakage current. The power-down current spec includes 
any such leakage from the A/D module. 

Note 4: VREF current is from RA3 pin or Vop pin, whichever is selected as reference input. 
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8.7 AC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16L€71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 









: ae Standard Operating Conditions (unless otherwise stated) 

AC CHARACTERISTICS Operating temperature -40°C < TA < +125°C for automotive, 
-40 < TA s +85°C for industrial 
and 0°C < TA < +70°C for commercial 

Operating voltage VoD range as described in DOs} pec table 8.1 


Characteristic Typ 
(Note 1) 


1/0 Timing (cont.) 

I/O Pin Input Valid Before OSCT 
(I/O Setup Time) 

OSCI1T to 1/0 pin input invalid 
(I/O hold time) 

OSCIT to 1/0 pin output valid 
I/O pin output rise time 

I/O pin output fall time 
interrupt Timing 
INT pin high or low time 

RB <7:4> input change time for interrupt 
to be recognized 
Capacitive Loading Specs on Output Pins 
OSC2 pin 












































es 
TinP 
TrbP 
pF jin XT, HS and LP modes, when 
nS external clock is used to drive 
OSC1. 


Note 2: : als’four times the input oscillator time base period. 










All 1/0 pins and OSC2 (in RC mode) 


Note 1: 


Note 3: Fora detailed explanation of RTCC input clock requirements see section 5.4.1. 

Note 4: Clock-in high-time is the duration for which clock input is at Vinosc or higher. Clock-in low-time is the duration for which 
clock input is at Vinosc or lower. , 

Note 5: All AC parameters are tested or characterized with these capacitive loads. 

Note 6: CLKOUT is available only in RC oscillator mode. 
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TRICAL ST R IN 
FIGURE 8.1 - ELECTRICAL STRUCTURE OF FIGURE 8.2 - ELECTRICAL STRUCTURE OF 
VO PINS (RB) VO PINS (RA) 


I/O pin V/O pin 





FIGURE 8.3 - ELECTRICAL STRUCTURE OF 
MCLR AND RTCC PINS 


Schmitt trigger 
Input buffer 





Notes to Figures 8.1 and 8.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed 
to protect against ESD (Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect 
the input buffer from ESD. 
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9.0 TIMING DIAGRAMS 
FIGURE 9.1 - TMRO TIMING | 





FIGURE 9.2 - INPUT/OUTPUT TIMING FOR I/O PORTS 


- TTTILETOALTATD Zz CTEATTTTTZ 


 TosH2iov TosH2ioV 3 sien 


1/0 Pin old value new value 
(output) 


fon ae 


Notes: 
1. All timings are tested with specified capacitive loads 
_ 2, CLKOUT is available only in RC oscillator mode 
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10.0 DC & AC CHARACTERISTICS FIGURE 10.1 - TYPICAL RC OSCILLATOR 
GRAPHS/TABLES FREQUENCY vs. 
TEMPERATURE 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are out- 
side specified operating range (e.g. outside speci- 
fied Vpp range). This is for information only and 
devices are guaranteed to operate properly only 
within the specified range. 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over a 
period of time. ‘Typical’ represents the mean of the 
distribution while ‘max’ or ‘min' represents (mean + 3s) 
and (mean - 3s) respectively where s is standard devia- 
tion. 





FIGURE 10.2 - TYPICAL RC OSCILLATOR 


FREQUENCY vs Vop SS 


PICAL RC OSCILLATOR 
FREQUENCY vs Vpp 






pty ty ty 
Jee RE: 


Fosc (Mhz) 
Fosc (Mhz) 


VD (Volts) Vop (Volts) 
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FIGURE 10.4 - TYPICAL RC OSCILLATOR TABLE 10.1- RC OSCILLATOR 
FREQUENCY vs Vop | FREQUENCIES 















Average 
Fosc @ 5V, 25°C 









4.52 MHz 
2.47 MHz 
290.86 KHz 


+ 17.35% 
+ 10.10% 
 £11.90% 



















1.92 MHz + 9.43% 
+ 9.83% 
+ 10.92% 


+ 16.03% 





5.0 


Fosc (Mhz) 


et /L | eT 
put | 
pet | gt te 


4.0 












+ 10.97% 
+ 10.14% 
+ 10.43% 
+ 11.24% 





pp tt 





4 


(| TOOK 
Ss 


dieated is +3 standard deviation from average 
Aue por VoD = 5V. | | 


FIGURE 10.6 - TYPICAL Ipd vs Vop 
WATCHDOG ENABLED 25°C 








FIGURE 10.5 - TYPICAL Ipd vs VoD 
| WATCHDOG DISABLED 2 


TY 


EG 
DRSC/ 
Ia TA 





VoD (Volts) 


VoD (Volts) 
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FIGURE 10.7 - MAXIMUM Ipd vs Vop FIGURE 10.8 - MAXIMUM Ipd vs Vpp 
WATCHDOG DISABLED WATCHDOG ENABLED* 


Maximum 





5.0 


: 4.5 
Veo (Volts) 


* 


operating current of the watchdog timer logic which inceé 
apparently anomalous behavior. 


VTH (volts) 


> 


Vop (volts) 








© 1994 Microchip Technology Incorporated [2 re | i nn i na ry DS30150E-page 61 
2-387 


PIC16C71 


FIGURE 10.10 - Vin, Vit OF MCLR, RTCC AND OSC1 (IN RC MODE) vs Vop 


a aoe 
ideo] — A 
Pie, min ao" 1w85°0) |< __— 


VIH, ViL (volts) 


at 
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LUT 
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EET 
TN 
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VoD (volts) 


sta 
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FIGURE 10.12 - TYPICAL Ipp vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 10.13 - MAXIMUM lop vs FREQ (EXT 
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FIGURE 10.13A - MAXIMUM IpD vs FREQ WITH A/D OFF (EXT CLOCK, -55° to +125°C) 
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FIGURE 10.15 - Transconductance (gm) of 
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FIGURE 10.14 - WDT Timer Time-out P 
vs VoD 
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FIGURE 10.16 - Transconductance (gm) of FIGURE 10.17 - Transconductance (gm) of 
LP Oscillator vs Vpp XT Oscillator vs VDD 
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FIGURE 10.20 - loL vs VoL, VoD = 3V FIGURE 10.21 - lot vs VoL, VoD = 5V 





Max @ -40°C 











TV ae 
sycnse 
Woe 
VOLE 
Zane 


0 0.5 1 1.5 2 2.5 3 
Vot (Volts) 














16145 2 25 3 35 4 45 5 
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TABLE 10.2 - INPUT CAPACITANCE * 


Typical Capacitance (p 


Pare Jo 
an 









Pin Name 







2S are typical at 25°C. A part to 
part variation of +25% (three standard deviations) 
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11.0 PACKAGING INFORMATION 
See Section 11 of the Data Book. 


11.1 Package Marking Information 


18L PDIP Example 


PIC16C71- 
20E/P 





ANX9245 CBA 





18L SOIC Example 


MMMMMMMMMMMM PIC16LC71- 


MMMMMMMMMMMM 041/80218 
fOeaans CDE AX\0218 CAA 


ie) 





18L Cerdip Example 


MMMMMMMM PIC16LC71 


> EAN MMMMMMMM O41I/TW 





Microchip part number information 

Customer specific information* 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 

Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are included in QTP price. 
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12.0 PROGRAMMING THE PIC16C71 


The PiC16C71 is programmed using one of two meth- 
ods, serial or parallel. The serial mode will allow the 
PiC16C71 to be programmed while in the users system 
using only five pins: Vop, Vss, MCLR/Vpp, RB6 and 
RB7. This allows for increased design flexability. The 
parallel mode will provide faster programming as the 
data is loaded into the PIC16C71 with a greater through- 
put. Either mode may be selected at the start of the 
programming process. The parallel mode is intended for 
programmers. In either mode, both program and data 
memory can be programmed. You can get complete 
programming information in the PIC16C6X/7X program- 
ming specification (DS30228C). 
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APPENDIX A 


The following are the list of modifications over the 
PIC16C5X microcontroller family: 


1. 


10. 
11. 


12. 


13. 
14. 


15. 
16. 


Instruction word length is increased to 14 bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 


A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 


Data memory paging is redefined slightly. Status 
register is modified. 


Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 


Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5X. 


OPTION and TRIS registers are made addressible. 


Interrupt capability is added. Interrupt vector is at 
0004h. 


Stack size is increased to eight deep. 
Reset vector is changed to 0000h. 


Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis- 
ters are reset differently. 


Wake up from SLEEP through interrupt is added. 


Two separate timers Oscillator Start-up Timer (OST) 
and Power-up Timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


PORTB has weak pull-ups and interrupt on change 
feature. 

RTCC pin is also a port pin (RA4) now. 

Location 07h (PORTC) is unimplemented and not 
a general purpose register. 

FSR is made a full 8-bit register. 


“In system programming" is made possible. The 
user can program the PIC16C71 using only five 
pins: Vop, Vss, MCLR/Vpp, RB6 (clock) and RB7 
(data in/out). 





APPENDIX B 


To convert code written for PIC16C5X to PIC16C71, the 
user should take the following steps: 


1. 


Remove any program memory page select opera- 
tions (PA2, PA1, PAO bits) for CALL, GOTO. 


Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them. 


Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


Change reset vector to 0000h. 


Note that location 07h is an unimplemented data 
memory location. 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 





To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 


NETWORK<ENTER?> and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PICSTART and PRO MATE are trademarks 
of Microchip Technology Incorporated. 

IBM PC and AT are trademarks of IBM Corporation. 


MS-DOS and Microsoft Windows are registered trade- 
marks of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe Inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16C71 Product Identification System 





To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 


PART NO. -XX X /XX XXX 


q Pattern: 3-Digit Pattern Code for QTP/SQTP . 
. (blank for OTP and Windowed Parts) 


Examples: 
Package: P he a) PIC16C71 - 04/P301 
SO = Commercial temp., 
JW PDIP package, 
4 MHz, normal V Db limits, 
Temperature - 0°C_ to +70°C (T for tape/reel) QTP pattern # 301 
Range: I -40°C to +85°C (S for tape/reel) |b) pic16LC71-041/SO 
E 40°C to +125°C | = Industrial temp., 
. SOIC package, 
Frequency 04 = 4 MHz, extended Vob limits, 
Range: 16 = c) PIC16C71 - 16E/P 
= Automotive temp., 
Device: PIC16C71 PDIP package, 
PIC16LC71 16 MHz, normal Voo limits 





Sales and Support 











Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MicROCHIP P C1 6C74 


___40-Pin EPROM-Based 8-Bit CMOS Microcontroller __ 








FEATURES PACKAGE TYPES 
High-Performance RISC-like CPU 
¢ Only 35 single word instructions to learn PDIP, Mave 
¢ All single cycle instructions (200ns) except for program Windowed Patani 2 eda 
branches which are two-cycle CERDIP 

e Operating speed: DC - 20 MHz clock input 

DC - 200 ns instruction cycle PAGANS eO7 og 
e 4096 x 14 on-chip EPROM program memory REQ/RD/ANS <-e[] 8 5 
° 192 x 8 general purpose registers (SRAM) poole ener: La 
e Interrupt capability o 
e 45 special function hardware registers gine ~j 
¢ Eight levels deep hardware stack cee oon 
e Direct, indirect and relative addressing modes RCOT10SO/T1CKI <-> C] 15 
Peripheral Features pe od 


e 33 1/0 pins with individual direction control 
¢ High current sink/source for direct LED drive 
e Two pins that can be configured as capture input, 
PWM output, or compare output 
- Capture is 16-bit, max resolution 200ns 
- Compare is 16-bit, max resolution 200ns _ 
- PWM resolution is 1- to 10-bit. 
8-bit resolution gives 80 KHz maximum frequency and 
10-bit resolution gives 20 KHz maximum frequency RAA/TOCKI <- Cf 7 


39 

e TMR1: 16-bit timer/counter (time-base for capture/compare) RAS/AN4/SS <-> C 8 38 
TMR1 can be incremented during sleep via external crystal/ RE ATVANG —— A 
clock (for real-time clock) CS, 35 

* TMR2: 8-bit timer/counter with 8-bit period register (time- PIC16C74 = 
base for PWM), prescaler and postscaler OSC1/CLKIN —* 32 

° TMRO:8-bittimer/counter with 8-bit programmable prescaler See a 2 
e 8-bit A/D converter with eight input channels. NC 29 


- 16 psec conversion time/channel 

e Serial Communications Interface (SCI) 

__ + Full-duplex Asynchronous Communication or Half- 
Duplex Synchronous Communication 

Synchronous serial port (SSP) with two modes of operation: 

- 3-wire SPI 

- ?C™/ACCESS.bus compatible 

e Parallel Slave Port (PSP): 8-bit wide, with external RD, WR 
and CS controls (microprocessor bus interface) 

Special Microcontroller Features 

e Power-on Reset (POR) 

e Power-up Timer (PWRT) and Oscillator Start-up Timer (OST) 

¢ Watchdog Timer (WDT) with its own on-chip RC oscillator 

for reliable operation 

Security EPROM fuse for code-protection 

Power saving SLEEP mode 

¢ EPROM fuses selectable oscillator options: 


oas/sou +» C 92 
HORKLSOY => C Ze 


€dSd/EGu + C v2 
VaS/IGS/vOu +» 4 S2 


bdSd/lLOW +> 9 ce 
@dSd/Zdu +> O 2 


ISOLL/LOW —> Cc Bt 
bdOO/2O" +> C 6h 
OdSd/O0Y +~ +2 


WOSMOS/eO" =~ C 02 


37 [1 «+» RCYSCK/SCL 
36 [IT <» RC2/CCP1 
35 [117 «—» RC1/T10S) 


34fr9 nc «=/CCP2 


5 
(RC oscillator, Standard crystal/resonator, High speed — ves 0S PIC16C74 Bt TO CSIAN? 
tal/resonator, Low frequency crystal) 26 T=» RE1/WEVANG 
¢ Serial in-system programming (via two pins) 5 sep aap 
CMOS Technology 


be 
(<4 


¢ Low-power, high-speed CMOS EPROM technology 
e Fully static design 
e Wide-operating voltage range (2.5V to 6.0V) 
¢ Commercial, Industrial, and Automotive Temp. Range 
e Low power consumption -<2mA@5V, 4 MHz 
- 15yA typical @ 3V, 32 KHz 
- <1pA typical standby current 


ONV/OVY <-- CO 
INV/LVY <- (CO 
eNV/evd <> CO 
ENV/EVe +> (Oo 
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1.0 GENERAL DESCRIPTION 


The PIC16C74 is another 40-pin member of the versatile 
PIC16CXxX family of low-cost, high-performance, CMOS, 
fully-static, EPROM-based 8-bit microcontrollers. 


All PIC microcontrollers employ an advanced RISC-like 
architecture. The PIC16CXX has enhanced core fea- 
tures, eight-level deep stack, and multiple internal and 
external interrupt sources. The separate instruction and 
data buses of the Harvard architecture allow a 14-bit 
wide instruction word with the separate 8-bit wide data. 
The two stage instruction pipeline allows all instructions 
to execute in a single cycle, exceptfor program branches 
(which require two cycles). A total of 35 instructions 
(reduced instruction set) are available. Additionally, a 
large register set gives some of the architectural innova- 
tions used to achieve a very high performance. 
PIC16CXX microcontrollers typically achieve a 2:1 code 
compression and a 4:1 speed improvement over other 
8-bit microcontrollers in its class. 


The PIC16C74 has 192 bytes of RAM and 33 I/O pins. 
In addition, the PIC16C74 adds several peripheral fea- 
tures useful in many high performance applications 
including; three timer/counters, two capture/compare/ 
PWM modules and two serial ports. The synchronous 
serial port can be configured as either a 3-wire Serial 
Peripheral Interface (SPI) or the two-wire Inter-Intergrate 
Circuit (I2C) bus. The Serial Communicatons Interface 
can be configured as either synchronous or asynchro- 
nous (USART). An 8-bit Parallel slave port is provided 
and eight channels of high-speed 8-bit A/D. The 8-bit 
resolution is ideally suited for appplications requireing 
low-cost analog interface, e.g. thermostat control, pres- 
sure sensing, etc. 


These special features reduce external components, 
thus reducing cost, enhancing system reliability and 
reducing power consumption. There are four oscillator 
options, of which the single pin RC oscillator provides a 
low-cost solution, the LP oscillator minimizes power 
consumption, XT is a standard crystal, and the HS is for 
High Speed crystals. The SLEEP (power- down) mode 
offers power saving. The usercan wake up the chip from 


SLEEP through several external and internal interrupts . 


and reset. 


A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software mal- 
function. 


A UV-erasable cerdip-packaged version is ideal for code 
development while the cost-effective One-Time Pro- 
grammable (OTP) version is suitable for production in 
any volume. | 


Table 1-1 shows the features of the PIC16C74 as well as 
the other members of the PIC16CXX enhanced core 
family. | 


A simplified block diagram of the PIC16C74 is shown in 
Figure 3-1. 


The PIC16C74 fits perfectly in applications ranging from 
high speed automotive and appliance motor control to 
low-power remote sensors, keyboards and telecom 
processors. The EPROM technology makes customiza- 
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages make this 
microcontroller series perfect for all applications with 
space limitations. Low-cost, low-power, high perfor- 
mance, ease of use and 1/O flexibility make the PIC16C74 
very versatile even in areas where no microcontroller 
use has been considered before (e.g. timer functions, 
replacement of “glue” logic in larger systems, co-proces- 
sor applications). 


Famil ibili 

Those users familiar with the PIC16C5X family of micro- 
controllers will realize that this is an enhanced version of 
the PIC16C5X architecture. Please refer to Appendix A 
for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to PIC16CXX family of 
devices (see Appendix B). 


1.2 Development Support 


The PIC16CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
production quality programmer. A "C" compiler and 
fuzzy logic support tools are in development. 
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TABLE 1-1: PIC16CXX FAMILY OF DEVICES 
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Maximum Frequency of Operation 


Program Memory (14-bit wide) 


SLSR, SlCr 


Data Memory (bytes) 

Data EEPROM (bytes) 

Timer O (8-bit + 8-bit prescaler) 

Timer 1 (16-bit) 

Timer 2 (8-bit) 

Capture/Compare/PWM Module(s) 
Synchronous Serial Port (SPI/I?C) 

Serial Communications Interface (USART) 





Parallel Slave Port 

Analog to Digital Converter (8-bit) 
Power On Reset 

Watchdog Timer 

External Interrupts 

Interrupt Sources 

Program Memory Code Protect 
ie) 


SELEY, POLES: CSLPRERAL: ones rose LiKe REALE LIETD ORK SRK REY RARER ON HALES pie ete Tee presen 
Be ss Ses % ¥ 
2 ‘ os 
Y 
¢ % RR ‘ Re 
BS. Pi rae eas oe 
i k 
oe 3 
a3 
* me a 














40-pin DIP, 
44-pin PLCC, 
44-pin PQFP 


18-pin DIP 
18-pin SOIC 


18-pin DIP 
18-pin SOIC 
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2.0 PIC16C74 DEVICE VARIETIES 


Avariety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the “PIC 16C74 Product Iden- 
tification System” on the back page of this data sheet to 
specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes etc. Microchip's 
PICSTART™ and PRO MATE™ programmers both sup- 
port programming of the PIC16C74. 


2.2 One-Time-Programmable (OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the 
program memory, the configuration fuses must be pro- 
grammed. 


2.3 Quick-Turnaround-Production (QTP) 
Devices 


Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. 


2.4 Serialized Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
a few user-defined locations in each device are pro- 
grammed with different serial numbers. The serial 
numbers may be random, pseudo-random or sequen- 
tial. 


Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
iD number. 


3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16CXX family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16CXX uses a Harvard architecture, in which, 
program and data are accessed from separate memo- 
ries. This improves bandwidth over traditional Von- 


‘Neuman architecture where program and data are 


fetched from the same memory. Separating program 
and data memory further allows instructions to be sized 
differently than 8-bit wide data word. Instruction op- 
codes are 14-bit wide making it possible to have all 
single word instructions. A 14-bit wide program memory 
access bus fetches a 14-bit instruction in a single cycle. 
A two-stage pipeline overlaps fetch and execution of 
instructions (see Figure 3-1). Consequently, all instruc- 
tions (35) execute in a single cycle (200ns @ 20 MHz) 
except for program branches. 


The PIC16C74 addresses 4K x 14 program memory 
space, all on-chip. Program execution is in internal 
memory only. 


The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function 
registers including the program counter are mapped in 
the data memory. The PIC16CXX has a fairly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad- 
dressing mode. This symmetrical nature and lack of 
‘special optimal situations’ make programming with the 
PIC16CXX simple yet efficient. In addition, the learning 
curve is reduced significantly. 


The PIC16CXX device contains an 8-bit ALU and work- 
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions be- 
tween data in the working register and any register file. 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register). The other 
operand is a file register or an immediate constant. In 
single operand instructions, the operand is either the W 
register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow out bit in subtraction. See the 
SUBLW and SUBWF instructions for examples. 


A simplified block diagram is shown in Figure 3-1, with 
a description of the device pins in Table 3-1. 
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FIGURE 3-1: PIC16C74 BLOCK DIAGRAM 
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Port A 
| dense RAO/ANO-RA3/AN3 
SX] RA4/TOCKI 
| X] RAS/AN4/SS 
Port B 


S| RBO/INT 


<1] RB1-RB7 


ie RCO/T1OSO/TICKI 
S<] RC1/T1OSIV/CCP2 
S] RC2/CCP1 
ZN 

5X RC3/SCK/SCL 
S<| RC4/SDI/SDA 

5] RC5/SDO 
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= 
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TABLE 3-1: PIC16C74 PINOUT DESCRIPTION 


VO/P | Buffer Maer | | 
CMOS | Oscillator crystal input/external clock source input. 


Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 

LKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 


Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device. 


PORTA is a bidirectional I/O port. 
RAO/ANO Analog input 0 


RA1/AN1 | Analog input 1 
RA2/AN2 | Analog input 2 
RA3/AN3 | Analog input 3 


RA4/TOCKI Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 


RAS/AN4/SS Can also be the slave select for the synchronous serial 
| port or analog input 4. 


PORTB is a bidirectional I/O port. Port B can be software 
programmed for internal weak pull-up on all inputs. 


RBO/INT can also be selected as an external interrupt 
pin. 


Interrupt on change pin. 
Interrupt on change pin. 
Interrupt on change pin. Serial programming clock. 


_ Interrupt on change pin. Serial programming data. 





Legend: |= input, O = output, I/O = input/output, P = power; 
— = Not used, TTL=TTLinput, ST = Schmitt trigger input 

fT This buffer is a Schmitt triger input when configured as the external interrupt. 

~ This buffer is a Schmitt Trigger input when used in serial programming mode. 


(Cont.) 
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TABLE 3-1: PIC16C74 PINOUT DESCRIPTION (CONT.) 












PLCC |PQFP|I/O/P| Buffer : 
PORTC is a bidirectional I/O port. 


RCO/T10SO/T1CKI can also be selected as a Timer1 
oscillator output/Timer1 clock input. 













RCO/T10SO/ 
T1CKI 






RCO/T10SI/CCP2 can also be selected as a Timer1 
oscillator input or Capture 2, input/Compare 2 output/ 
PWM 2 output. 


RC2/CCP1 can also be selected as a capture1 input/ 
compare output/PWM1 output. 


RC3/SCK/SCL can also be selected as the 
synchronous serial clock for both SPI and I?C modes. 


RC4/SDI/SDA can also be selected as the SPI Data In 
(SPI mode) or data I/O (I?C mode). 


RC5/SDO can also be selected as the SPI Data Out 
(SPI mode). 


RC6/TX/CK can also be selected as Asynchronous 
Transmit or SCI Synchronous Clock 


RC7/RX/DT can also be selected as the 
Asynchronous Receive or SCI Synchronous Data 


























RCO/T10SI/ 
CCP2 









RC2/CCP1 










RC3/SCK/SCL 






RC4/SDI/SDA 





RC5/SDO 









RC6/TX/CK 






RC7/RX/DT 







PORTD is a bidirectional I/O port or parallel slave port for 
interfacing to a microprocessor bus. 





RDO/PSPO 
RD1/PSP1 
RD2/PSP2 
RD3/PSP3 
RD4/PSP4 
RDS/PSP5 
RD6/PSP6 
RD7/PSP7 


REO/RD/AN5 





Bidirectional I/O pin, read control for parallel slave port, or 
analog input 5 . 


RE1/WR/AN6| 9 10 26 | VO 





Bidirectional |/O pin, write control for parallel slave port, or 
analog input 6. 


RE2/CS/AN7 | 10 11 27 | I/O Bidirectional I/O pin, select control for parallel slave port, or 


analog input 7. 


Ground reference for logic and 1/O pins. 
Positive supply for logic and I/O pins. 


These pins are not internally connected. These pins should 
be left unconnected. 


Legend: |= input, O = output, I/O = input/output, P = power; 
— = Not used, TTL = TTL input, ST = Schmitt trigger input 


§ This buffer is a Schmitt trigger input when configured as general purpose I/O anda TTL input when used in the parallel slave port 
mode (for interfacing to a microprocessor bus). 
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3.1 Clocking Scheme/Instruction Cycle 


The clock input (from OSC71) is internally divided by four 
to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4._ Internally, the PC is 
incremented every Q1, the instruction is fetched from 
the program memory and latched into the instruction 
register in Q4. The instruction is decoded and executed 
during the foliowing Q1 through Q4. The clocks and 
instruction execution flow is shown in Figure 3-2. 


FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 


(RC Mode) ' 


3.2 Instruction Fiow/Pipelining 


An “Instruction Cycle” consists of four Q cycles (Q1, Q2, 
Q3 and Q4). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). | 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. , 


In the execution cycle, the fetched instruction is latched 
into the “Instruction Register (IR)” in cycle Q1. This 
instruction is then decoded and executed during the Q2, 
Q3, and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination write). 


Internal 


t 
Execute INST (PC-1 


EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 


Fetch 1 
ee Fetch 2 
PORTB etc xecute 


SUB_1 
PORTA, BIT3 


Fetch 3 
Fetch4 § 


| Fetch SUB_1 


All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION 


4.1 Program Memory Organization 


The PIC16C74 has a 13-bit program counter capable of 
addressing an 8K x 14 program memory space. Only the 
first 4K x 14 (0000h - OFFFh) are physically imple- 
mented. Accessing a location above FFFh will cause a 
wrap-around within the first 4K x 14 space. The reset 
vector is at 0000h and the interrupt vector is at 0004h 
(see Figure 4-1). 


FIGURE 4-1: PROGRAM MEMORY MAP 
AND STACK 
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Stack Level 1 


Stack Level 8 
Reset Vector 


Interrupt Vector 


On-chipProgram 
Memory (Page 0) 


e 
° 
E 
o 
= 
o 
a 
~ 


| 
| 


On-chipProgram 
Memory (Page 1) 


Configuration Fuses” 


Test Memory 
<— Space —» 


* In Test Program Memory Space 





4.2 Data Memory Organization 


The data memory (see Figure 4-2) is partitioned into two 
Banks which contain the general purpose registers and 
the special function registers. Bank 0 is selected when 
the RPO bit in the STATUS register is cleared. Bank 1 is 
selected when the RPO bit in the STATUS register is set. 
Each Bank extends up to 7Fh (128 bytes). The first 32 
locations of each Bank are reserved for the Special 
Function Registers. Register locations 20h-7Fh (Bank 
0) and AOh-FFh (Bank 1) are general purpose registers 
implemented as static RAM. Some special function 
registers are mapped in Bank 1. 


4.2.1 GENERAL PURPOSE REGISTER FILE 


The register file, in PIC16C74 is organized as 192 x8. It 
is accessed either directly or indirectly through the file 
select register FSR (see Section 4.4). 
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FIGURE 4-2: REGISTER FILE MAP 


File 


address 


00 [indirect ade) | are ade) 
0 
a 
03 Starus | STATUS 
oa[ FoR | FSR 
o5[poRTA | TRISA 
06[ PoRTa | _TRISB 
o7[ Porc | TrIsc 
og[porTp | trisp | 
9[ PORTE | TRISE 
op INTCON | _INTCON 
oc[ rit | Pier 
o0[ pina | Pier 
oc [Turik | CON _| 
10[TicoN 

11[__TwRe 

2[Tecon | PRA 
13 SspBuF | SSPADD 
14[sspcon | _ssPSTAT _ 
15 cOPRIL 


16 CCPR1H 
17} CCPICON 


RCREG 


ADCON| 


General General 
Purpose Purpose 
Register Register 


Bank 0 Bank 1 


* Not a physical register 
i] Unimplemented data memory locations; read as ‘0's 
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4.2.2 SPECIAL FUNCTION REGISTERS: The special registers can be classified into two sets. The 
special registers associated with the "core" functions are 
described in this section. Those related to the operation 
of the peripheral features are described in the section of 
that peripheral feature. 


The special function registers are registers used by the 
CPU and Peripheral functions for controlling the desired 
operation of the device (see Table 4-1). These registers 












































are static RAM. | 
TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C74 
| Address | Name sss] Bit? =| SCBit6 =| Sits | ~Bit4 =| Bits | CBit2 =| iti, =| Bito 
a I ee] 
Peek] : 
Addressing this location uses contents of FSR to address datamemory 
(Indirect Address) (not a physical register) 

aro Timero 
Program Counters (PC's) Least Significant Byte 
| ost of sraTuS, Re ro | To | POU] Uz 
| o4¢ | FSR __| Indirect data memory address pointer = | 
| 05 PORTA Data Latch where written to PORTA pins when read , 
| 06 | PORTB ___| PORTB Data Latch where written to PORTB pins when read 
PORTC Data Latch where written to PORTC pins when read 
PORTD Data Latch where written to PORTD pins when read 
| 09 |PORTE | PORTE Data Latch where written to PORTE pins when read 

OAT 
[esr intoon ~~ SPEE | TOE | NTE | ABE | TOF [IF | RO 
0c Print sae | RF | te [ssp | GoPrie | Twraie | TMaUF 
be OD IRE ea ee ee | J Cre 
ee ee ES Least Significant Byte ) 
| OF =| TMRIH=~=——sS:s Timer Most Significant Byte 
| to | ticon | CC | SE Ticks | Tickpso | TiosceN |TiINsyNc | TMRICS | TMRION 
a 
[a racon | TOUTS | TOUTPSS [TOUTPST | TOUTPSO | THREON | T2OKPST | TOKPSO_ 
| 13 | SSPBUF —_|_ Synchronous Serial Port Receive Buffer/Transmit Register | 
| 14 | SsPCON. | COL] ~SSPOV_| SSPEN | CKP | SSPM3_| sspM2_| SsPM1_| SSPMO 
| 15 |ccprn Capture/Compare/Duty Cycle Register (LSB) 
[re Tecenin } capturrCompareDuy Cys Register (SB) 
[17 | er 160n Tr — | cop | copy | copia | copima | GoPimt | GoPino 


ee cn 
ROSTA jspen|_rca@ | sren | cren | - | FeAR | oeAR |  AcDs 


TXREG SCI Transmit Data Register 

RCREG SCI Receive Data Register 
-CCPR2L Capture/Compare/Duty Cycle Register 2 (LSB) 
CCPR2H Capture/Compare/Duty Cycie Register 2 (MSB) 


CCP2CON | = | copex | copay | copams| ccpame | ccpami | ccp2mo 


A/D Result Register 


ADCS1 ADCSO CHS2 CHS1 CHSO | GO/DONE | =F ADON | 


Legend — = Unimplemented locations, Read as ‘0’ (Cont.) 
t These registers can be addressed from either bank. 


9 


ah 


C 





ADCONO 
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TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C74 (CONT.) 
| Address _|Name _—-Ss | __siit7, | sits | its | pita | sits | sit2_ | siti | sito 


Bank 1 
80t 



















| 
Oo 
7 


Addressing this location uses contents of FSR to address data memory 
Indirect Address not a physical register 


OPTION | Repu | inteoc | rts | mre | psa | ps2 | psi | Pso 


Pr 






TRISA 


TRISB 
87 TRISC PORTC Data Direction Register 
TRISD 





TRISEO 


a 
3 
a 
ay 
B 
3 
® 
3 
oO 
pe] 
e 
3 
5 






8Bt 
TMR1IE 
CCP2IE 







































































































SSNs + Be Pe ere Rs SS ENS : y 
oe Bretton - . . — SOE RS ee — — —— 
See SRE So ARACEAE ROR 
SERRE ERE EGR SRS Sete URN SEGRE NNT EX SR : : 
SERRA aN IS BES A PERRO REN S — EARNS a ae — PE NS EAR ORE RU < 
Bt Rosemead oo SS es 



































S . 
* 
RS SS Sy SOS 
















% BSNS SSSA vestvancsetatatcsyeanet tena corentrace eres SSN . 3 ° RS 
— — 
Se 


Baud Rate Register 





: cRNA ee 
s rover 
SEARS 




























s _ — 


Te oe cc oo 
OF PCFG2 PCFG1 


Legend — = Unimplemented locations, Read as ‘0’ 
t These registers can be addressed from either bank. 
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4.2.2.1 STATUS Register itis recommended, therefore, thatonlyBCF, BSF, SWAPF 
and MOVwWF instructions are used to alter the status 
registers because these instructions do not affect any 
status bit. For other instructions, affecting any status 
bits, see the “Instruction Set Summary". 


posnuspnonansp ones 


The STATUS register contains the arithmetic status of 
the ALU, the RESET status and the page preselect bits 
for data memory. 


The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis- 
ter is the destination for an instruction that affects the Z, 
DC orC bits, then the write to these three bits is disabled. 
These bits are_set or_cleared according to the logic. 
Furthermore, TO and PD bits are not writable. There- 
fore, the result of an instruction with the STATUS regis- 
ter as destination may be different than intended. 


SRR Semmens 





For example, CLRF STATUS will clear the upper-three 
bits and set the Z bit. This leaves the status register as 
O0OUU1UU (where U = unchanged). 


FIGURE 4-3: STATUS REGISTER | 


Register: STATUS RW: Readable & writable 
Address: 03h or 83h R Read only 
Reset value: 0007?XXX U: — Unimplemented, 


TO, PD are set or cleared specially read as ‘0’ 


C: Carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the most significant bit of the result occurred. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

O0= No carry-out from the most significant bit of the result. 

Note: For Borrow the polarity is reversed. 


DC: Digit carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the 4th low order bit of the result occurred. 
Q= No carry-out from the 4th low order bit of the result. 

Note: For Borrow the polarity is reversed. 


Z: Zero bit. 
1= The result of an arithmetic or logic operation is zero. 
O= The result of an arithmetic or logical operation is not zero. 


: Power down bit. 
1= After power-up or by a CLRWDT command. 
O= By execution of the SLEEP instruction. 


TO: Time-out bit. 
1= After power-up and by the CLRWDT and SLEEP instruction. 
O= A watchdog timer time-out has occurred. 


RP<1:0>: Register page select bits for direct addressing. 


00 = Bank 0 (00h - 7Fh) 
01 = Bank 1 (80h - FFh) 
10 = Bank 2 (100h - 17Fh) 
11 = Bank 3 (180h - 1FFh) 


Each page is 128 bytes. 

Only the RPO bit is used by the PIC16C74. RP1 should be programmed as 
‘0'. Using the RP1 bit as a general purpose read/write bit is not 
recommended, since this may affect upward compatibility with future 
products. 


IRP: Register page select bits for indirect addressing. 
0 = Bank 0,1 (00h - FFh) 
1 = Bank 2,3 (100h - 1FFh) 


The IRP bit is not used by the PIC16C74. IRP should be programmed as '0'. 
Use of the IRP bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.2.2.2 OPTION Register 


The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external INT interrupt, TMRO, 
and the weak pull-ups on PORTB. 


FIGURE 4-4: OPTION REGISTER 


RW RW RW RW RW RW RW RW Address: 81h] FYW: Readable & writable 


arU[ rene [ars [ere [ron|rsa]ess] reo] | Pesotvaue: Fh] Fe Rater 
7 : 


Unimplemented. 
Read as '0' 


ee 
ee ea ese ¢@¢0e #6 


PSA: Prescaler assignment bit. 


1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


RTE: TMRO signal edge. 
1 = Increment on high-to-low transition on RA4/TOCKI pin 
0 = Increment on low-to-high transition on RA4/TOCKI pin 


RTS: TMRO signal source. 

1 = Transition on RA4/TOCKI pin 

0 = Internal instruction cycle clock (CLKOUT) 
INTEDG: Interrupt edge select. 


1 = Interrupt on rising edge 
0 = Interrupt on falling edge 


RBPU: Port B pull-up enable. 


1 = Port B pull-ups are disabled overriding any port latch value 
0 = Port B pull-ups are enabled by individual port-latch values 
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4.2.2.3 INTCON Register 


The PIC16C74 has twelve sources of interrupt: 


¢ External interrupt from RBO/INT pin 

¢ TimerO overflow 

e Interrupt on change on RB<7:4> pins 

e¢ Timer overflow 

¢ Timer2 matches period register _ 

¢ Acapture, a compare, ora PWM output is reset 
e The synchronous serial port 

e The parallel slave port read/write 

¢ A/D complete interrupt 

e USART receive/transmit interrupt 


The interrupt contro! register (INTCON) records indi- 
vidual interrupt requests in flag bits. It also has individual 
and global enable bits. The peripheral interrupt flags 
reside in the PIR1 register (Addr OCh). 


Aglobal interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding mask bit in INTCON register 
(Figure 4-5). GIE is cleared on reset. 


FIGURE 4-5: INTCON REGISTER 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. For 
external interrupt events, such as the INT pin or PORTB 
change interrupt, the interrupt latency will be three or 


_ fourinstruction cycles. The exact latency depends when 


the interrupt event occurs (see Figure 12-15). The 
latency is the same for one or two cycle instructions. 
Once in the interrupt service routine the source(s) of the 
interrupt can be determined by polling the interrupt flag 
bits. The interrupt flag bit(s) must be cleared in software 
before re-enabling interrupts to avoid infinite interrupt 
requests. Individual interrupt flag bits are set regardiess 
of the status of their corresponding mask bit or the GIE 
bit. 


The “return from interrupt" instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit to re-enable 
interrupts. 





RW RW RW RW RW ORW_RW_sERW Register:  INTCON | R/W: Readable & 


Address: OBh or 8Bh writable 
| Gie | PEIE | eae Mabe | RBIE Oe ee Reset value: 0000 000xb | R: Read only 
7 


bitO :  Unimplemented, 
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read as '0' 


RBIF: RB port change interrupt flag. 

1 = When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

0 = None of the RB<7:4> inputs have changed. 

INTF: External interrupt flag. 

1 = The external INT interrupt has occurred. 
Must be cleared by software. 

0 = The INT interrupt did not occur 

TOIF: TMRO overflow interrupt flag. 

1 = The TMRO has overflowed. 
Must be cleared by software. 

0 = TMRO did not overflow. 

RBIE: RB port change interrupt enable bit. 

1 = Enables RBIF interrupt 

0 = Disables RBIF interrupt 

INTE: INT interrupt enable bit. 

1 = Enables INTF interrupt 

0 = Disables INTF interrupt 

TOIE: TOIF interrupt enable bit. 


1 = Enables TOIF interrupt 
0 = Disables TOIF interrupt 


PEIE: Peripheral interrupt enable bit. 


1 = Enables all un-masked peripheral interrupts 
0 = Disables all peripheral interrupts 
GIE: Global interrupt enable. 


1 = Enables all un-masked interrupts 
0 = Disables all interrupts 
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4.2.2.4 PIE1 Register 


This register contains the individual enable bits for the 
Peripheral Interrupts. 








FIGURE 4-6: PIE1 REGISTER 


RAW RAW RAW RAW RW RIN RW RW 


Register: PIE1| R/W: Readable & 
1 
| PSPIE aries (uhietos Prue [SSPE oe ee TRE Address: 8Ch writable 
7 


bitO Reset value: 00h | R: Read only 
:  Unimplemented, 
read as ‘O' 





TMRIIE: Timer1 interrupt enable bit. 


1 = Enables TMRI1IF interrupt. 
0 = Disables TMR1IF interrupt. 


TMR2IE: Timer2 interrupt enable bit. 


1 = Enables TMR2IF interrupt. 
0 = Disables TMR2IF interrupt. 


CCP1IE: CCP1 interrupt enable bit. 


1 = Enables CCP1IF interrupt. 
0 = Disables CCP1IF interrupt. 


SSPIE: Synchronous serial port interrupt enable bit. 


1 = Enables SSPIF interrupt. 
0 = Disables SSPIF interrupt. 


TXIE: Serial communication interface transmit 
interrupt enable bit. 

0 = Disables TXIF interrupt. 

1 = Enables TXIF interrupt. 


RCIE: Serial communication interface receive 
interrupt enable bit. 

0 = Disables RXIF interrupt. 

1 = Enables RXIFL interrupt. 


ADIE: A/D converter interrupt enable bit. 
0 = Disables ADIF interrupt. 
1 = Enables ADIF interrupt. 


PSPIE: Parallel slave port interrupt enable bit. 


1 = Enables PSPIF interrupt. 
0 = Disables PSPIF interrupt. 
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4.2.2.5 PIR1 Register 


This register contains the individual flag bits for the 
Peripheral Interrupts. 





FIGURE 4-7: PIR1 REGISTER 


RW RW R R- RW RW RW RW 

PSPIF | ADIF RCIF| TXIF SSPIF | CCP1IF| TMR2IF | TMRtIF Register: — PIR1| RAW: Readable & 
Address: 0Ch writable 

. | | 


bito Reset value: 00h | R: Read only 
: Unimplemented, 
read as ‘0’ 


TMRIIF: Timer1 interrupt flag. 


1 = Timer1 overflowed. 
Must be cleared in software. 
0 = No Timer1 overflow. 


TMR2IF: Timer2 interrupt flag. 


1 = Timer2 matches period register PR2. 
Must be cleared in software. 
0 = No Timer2 period match. 


CCP1IF: Capture1/Compare1/PWM1 interrupt. 
Capture Mode 


1 =A Timer1 capture has occurred. 
Must be cleared by software. 
0 = No Timer1 capture occurred. 


Compare Mode 
1 =A Timeri1 compare match has occurred. 
Must be cleared by software. 
0 = No Timer1 compare match occurred. 


PWM Mode 
Unused 


SSPIF: Synchronous serial port. 


1 =A transmission/reception is completed. 
Must be cleared in software. 
0 = Waiting to transmit/receive. 


TXIF: Serial communication interface transmit 
interrupt flag. 

1 = Transmit buffer is empty. 

0 = Transmit buffer is full. 


RCIF: Serial communication interface receive 
interrupt flag. 

1 = Receive buffer is full. 

0 = Receive buffer is empty. 


ADIF: A/D conversion complete interrupt flag. 
1 = An A/D conversion has completed. 
0 = An A/D conversion has not completed. 


PSPIF: Parallel slave port read/write interrupt flag. 

1 = Aread or a write operation has taken place. 
Must be cleared in software. 

0 = No read or write has occurred. 
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4.2.2.6 PIE2 Register 4.2.2.7 PIR2 Register 
This register contains the individual enable bit for the This register contains the individual flag bit for the 
Peripheral Interrupts. Peripheral Interrupts. 





FIGURE 4-8: PIR2 REGISTER 


Register: PIE2| R/W: Readable & 
Reset value: 00h : Read only 


Unimplemented, 
read as ‘0’ 


CCP2IE: CCP2 interrupt enable bit 
1 = Enables CCP2IF interrupt 
0 = Disables CCP2IF interrupt 


Unimplemented, reads as 'O’. 





FIGURE 4-9: PIE2 REGISTER 


Register: PIR2 | R/W: Readable & 
Reset value: OOh : Read only 


Unimplemented, 
read as '0' 


CCP2IF: Capture2/compare2/PWN2 interrupt 
Capture Mode 


1 =A Timer1 capture has occurred. 
Must be cleared by software. 
0 = No Timer1 capture occurred. 


Compare Mode 
1 =A Timer1 compare match has occurred. 
Must be cleared by software. 
0 = No Timer1 compare match occurred. 


PWM Mode 
Unused 


Unimplemented, reads as 'O'. 
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4.2.2.8 PCON Register 


The PCON register contains flag bits to allow differentia- 
tion between a Power-on Reset to an external MCLR 
reset, WDT reset. 


FIGURE 4-10: PCON REGISTER 


Register: PCON R/W: Readable & 
Address: 8Eh writable 
POR reset: 03h : Read only 
: Unimplemented, 
read as '0' 


Reserved 


This bit should be programmed as '1'. Use of this 
bit as a general purpose read/write bit is not 
recommended, since this may affect upward 
compatibility with future products. 


POR : Power on reset flag. 


1 = No power on reset has occurred. 

0 = A power-on-reset has occurred. 
Software must set this bit after a 
power-on-reset condition has occured. 


Unimplemented, 
Read as '0'. 





For further details on interrupts, please refer to the “Interrupts” Section. 
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4.3 PCL and PCLATH 


The program counter (PC) is 13-bit wide. The low byte, 
PCL is a readable and writable register (addr 02h or 
82h). The high byte of the PC (PCH) is not directly 
readable or writable. The high byte of the PC can be 
written through the PCLATH register (addr OAh or 8Ah). 
When the PC is loaded with a new value during a CALL, 
GOTO or a write to PCL, the high bits of PC are loaded 
from PCLATH as shown in Figure 4-11. 


FIGURE 4-11: LOADING OF PC IN 
DIFFERENT SITUATIONS 


GOTO, CALL 


Opcode (10:0) 





4.3.1 COMPUTED GOTO 


When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte block). 
Refer to the application note “Table Read Using the 
PIC16CXX" (AN556). 


4.3.2 Stack 


The PIC16CXX has an 8-bit deep x 13-bit wide hardware 
stack (see Figure 4-1). The stack space is not part of 
either program or data space and the stack pointer is not 
readable or writable. The PC is PUSHed in the stack 
when a CALL instruction is executed or an interrupt is 
acknowledged. The stack is POPped in the event of a 
RETURN, RETLW Or a RETFIE instruction execution. 
PCLATH is not affected by a "PUSH" or a "POP" opera- 
tion. 


The stack operates as a circular buffer. This means that 
after the stack has been “PUSHed" eight times, the ninth 
push overwrites the value that was stored from the first 
push. The tenth push overwrites the second push (and 
so on). This means that the user can implement “soft- 
ware resets" for the system. 





4.3.3. Program Memory Paging 


The PIC16C74 has 4-Kbytes of program memory, but 
the CALL and GOTO instructions only have a 11-bit 
address range. This 11-bit address range allows abranch 
within a 2-Kbyte program memory page size. To allow 
CALL and GOTO instructions to address the entire 4- 
Kbyte program memory address range, there must be 
another bit to specify the program memory page. This 
paging bit comes from the PCLATH<3> bit (see 
Figure 4-11). When doing a CALL or GOTO instruction, 
the user must ensure that this page bit (PCLATH<3>) is 
programmed to the desired program memory page. If a 
CALL instruction (or interrupt) is executed, the entire 13- 
bit PC is pushed onto the stack. Therefore, manipulation 
of the PCLATH<3> is not required for the return instruc- 
tions (which pops the PC from the stack). 





Example 4-1 shows the calling of a subroutine in page 1 
of the program memory. This example assumes that the 
PCLATH is saved and restored by the interrupt service 
routine (if interrupts are used). 


EXAMPLE 4-1: CALL OF A SUBROUTINE IN 
PAGE 1 FROM PAGE 0 


ORG 0X500 
BSF PCLATH, 3 ; Select page 1 (800h-FFFh) 
CALL SUB1_P1 ; Call subroutine in 
: : page 1 (800h-FFh) 
ORG 0x900 
SUB1-Pl1 : ; called subroutine 
: ; page 1 (800h~-FFh) 
RETURN ; return to page 0 


; (000h-7FFh) 
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4.4 Indirect Addressing, INDF and FSR 
Registers 


The INDF register is not a physical register. Addressing 


A simple program to clear RAM location20h-2Fh using 
indirect addressing is shown in Example 4-2. 


EXAMPLE 4-2: INDIRECT ADDRESSING 


the INDF register will cause an indirect addressing. | 
molw 0x20 


Indirect addressing is possible by using the INDF regis- ole eucaa te cods 
ter (address 00h). Any instruction using the INDF meat ESR eeesee 
register actually accesses data pointed to by the file NEXT clrf INDF ;clear indent by 
select register (FSR). Reading INDF itself indirectly will incrf FSR ;inc pointer 
produce 00h. Writing to the INDF register indirectly betes «4 RSREA sall done? 
results in a no-operation (although status bits may be 

goto NEXT sno clear next 


affected). An effective 9-bit address is obtained by 
concatenating the 8-bit FSR register and the IRP bit 
(STATUS<7>), as shown in Figure 4-10. However, IRP 
is not used in this PIC16C74. | 


CONTINUE: zyes continue 


FIGURE 4-12: DIRECT/INDIRECT ADDRESSING 


Direct Addressing Indirect Addressing 


RP1 RPO 6 from opcode 7 (FSR) 


i A ee es Seen ee 


page select location select . page select location select 


i 


00 


Bank 0 Bank 1 Bank 2 


Note: For memory map detail, see Figure 4.2 
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5.0 I/O PORTS 


The PIC16C74 has five ports, PORTA through PORTE. 
These ports pins may be multiplexed with an alternate 
function for the peripheral features on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 6-bit wide latch. RA4 is a Schmitt trigger 
input and an open collector output. All other RA port pins 
have TTL input levels and full CMOS output drivers. All 
pins have data direction bits (TRIS registers) which can 
configure these pins as output or input. 


A'‘1'in the TRISA register configures the corresponding 
port pin as input. 


Reading PORTA register reads the status of the pins 
whereas writing to it will write to the port latch. 


Port RA4 is multiplexed with TMRO clock input. 


FIGURE 5-1: BLOCK DIAGRAM OF PORT 
PINS RA<3:0> and RA<5> 


Data 
bus 


D Q 
"WR } 
PORT’ CK re) 


Data Latch 


buffer ¥ 


“RD PORT" ee - 


To A/D Converter 
Note: I/O pins hace protection diodes to Vpp and Vss. 





Other PORTA pins are multiplexed with analog inputs 
and analog VREF input. The operation of these pins are 
selected by control bits in ADCON1 (A/D control regis- 
ter1) register. When selected as an analog input, these 
pins will read as 'O's. 





TRISA controls the direction of the RA pins, even when 
they are being used as analog inputs. The user must 
make sure to keep the pins configured as inputs when 
using them as analog inputs. 

EXAMPLE 5-1: INITIALIZING PORTA 

CLRF PORTA ;Initialize PORTA by setting 
3; output data latches 

BSF STATUS, RPO ;Select Bankl 

MOVLW OxCF ;Value used to initialize 
;data direction 

;Set RA<3:0> as inputs 

; RA<5:4> as outputs 
;TRISA<7:6> are always — 
;read as '0'. 


FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 


MOVWF TRISA 


"RD PORT" i ; 


TMRO clock input 


Note: I/O pin has protection diodes to Vss only. 
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TABLE 5-1: PORTA FUNCTIONS 


Name Butfertype | Function 


sit 
Lae 
a 




























RA4/TOCKI input/output or external clock input for TMRO. 
Output is open collector type 
input/output, slave select input for synchronous 
serial port, or analog input 


Legend: TTL = TTL input, ST = Schmitt trigger input 


RAS/AN4/SS 





TABLE 5-2: SUMMARY OF PORTA REGISTERS 
PORTA PORTA pins when read O5h --XX XXXX 
PORTA latch when written: 


PORTA data direction register . --11 1111 
O = output, 1 = input 





























Notes: 1: x = unknown, - = unimplemented, reads as a ‘0’. 
| 2: For reset values of registers in other reset situations refer to Table 12-6. 
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5.2 PORTB and TRISB Registers 


PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A ‘1' in TRISB configures the 
corresponding port pin as an input. Reading PORTB 
register reads the status of the pins, whereas writing to 
it will write to the port latch. 


Each of the PORTB pins has a weak internal pull-up 
(~100 pA typical). A single control bit can turn on all the 
pull-ups. This is done by clearing the RBPU (OP- 
TION<7>) bit. The weak pull-up is automatically turned 
off when the port pin is configured as an output. The pull- 
ups are disabled on power-on reset. 





Four of PORTB’s pins, RB<7:4>, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7—RB4 pin 
configured as an output is excluded from the interrupt on 
change comparison). The input pins (of RB7—RB4) are 
compared with the old value latched on the last read of 
PORTB. The “mismatch” outputs of RB7—RB4 are 
OR’ed together to generate the RBIF interrupt (flag 
latched in INTCON<0>). 


FIGURE 5-3: BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 


EAT weak 
RBPU P pull-up 


V4 
Data bus XI 
V/O pin 


“WR Port" 


“WR TRIS" 


"RD TRIS" 


“RD Port" ; 
se _ A 
RBIF From 
other 


port pins Q D E 
CKYL 


“RD Port" 


Note: 1. Port latch = 1 and TRISB = 1 enables weak pull-up if 
RBPU = 0 in OPTION register. 
2. /O pins have diode protection to Vob and Vss. 
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This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the 
interrupt in one of two ways: 


a) Disable the interrupt by clearing RBIE (INTCON<3>) 
bit. 

b) Read PORTB. This will end mismatch condition. 
Then, clear the RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. (See AN552 in the Embedded Con- 
trol Handbook). 





FIGURE 5-4: BLOCK DIAGRAM OF PORT 
PINS RB<3:0> 


weak 
. ull-u 
Data Latch : 


Data bus 


"WR Port" 


“WR TRIS" 


"RD Port" 


"RD Port" 


Notes: 1. TRISB = 1 enables weak pull-up if RBPU = 0 in 
OPTION register. 
2. For RBO/INT pin, the INT input comes through a 
Schmitt trigger input buffer. 
3. I/O pins have diode protection to Vop and Vss. 
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TABLE 5-3: PORTB FUNCTIONS 


Function : 


 RBOINT Input/output pin or external interrupt input. Internal software 
| programmable weak pull-up | 


Input/output pin. Internal software programmable weak pull-up 
 Input/output pin. Internal software programmable weak pull-up 
input/output pin. Internal software programmable weak pull-up 


input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 


programmable weak pull-up 


Input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 


Input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 





=  Input/output pin (with interrupt on change). Internal software 


Legend: TTL =TTL input, ST = Schmitt Trigger 
ft This buffer is a Schmitt triger input when configured as the external interrupt. 
$ This buffer is a Schmitt Trigger input when used in serial programming mode. 


TABLE 5-4: SUMMARY OF PORTB REGISTERS 


PORTB PORTB pins when read XXXX XXXX 
PORTB latch when written 



















TRISB PORTB data direction register Tit: 4141 
0 = output, 1 = input 





OPTION Weak pull-up on/off control (RBPU bit) 111. aL 
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5.3  PORTC and TRISC Registers FIGURE 5-5: PORTC BLOCK DIAGRAM 


I/O PORTC is an 8-bit bidirectional port. Each pin is 
individually configurable as input and output through the 
TRISC register. PORTC is multiplexed with several 
peripheral functions (see Table 5-5). PORTC pins pal bus 
have Schmitt trigger input buffers. 


PORT/PERIPHERAL Select 


Peripheral data-out 


EXAMPLE 5-2: INITIALIZING PORTC 


CLRF PORTC ;Initialize PORTC data 
; latches before setting 


the data direction TRIS Latch 


; register 

BSF STATUS, RPO ;Select Bankl 

MOVLW OxCF ;Value used to initialize PERIPHERAL 
;data direction OE 

MOVWF TRISC ;Set RC<3:0> as inputs 


; RC<5:4> as outputs 


: RC<7:6> as inputs 
Peripheral input 


Notes: 1. Port/Peripheral select signal selects between 
port data and peripheral output. 
2. Peripheral OE (output enable) is only activated if 
peripheral select is active. 
3. I/O pins have diode protection to Vop and Vss. 





TABLE 5-5: PORTC FUNCTIONS 


|Name Buffer Type Function 


RCO/T10SO/T1CKI 























Input/output port pin or Timer1 oscillator output/Timer1 clock input - 

RC1/T10SI/CCP2 | bit1 ST input/output port pin, Timer1 oscillator input, Timer or Capture 2 
input/Compare 2 output/PWM 2 output 

RC2/CCP1 ST input/output port pin or Capture1 input/Compare1 output/ 
PWM1 output 

RC3/SCK/SCL ST RC3/SCK/SCL can also be selected as the synchronous serial clock 
for both SPI and I?C modes. 











RC4/SDI/SDA bit4 RC4/SDI/SDA can also be selected as the SPI Data In (SPI mode) 
or data I/O (l?C mode). 


RC5/SDO bits Input/output port pin or Synchronous serial port data output 
RC6/TX/CK input/output port pin, SCl Asynchronous Transmit, or 
SCI Synchronous Clock 
RC7/RX/DT bit7 input/output port pin SCI Asynchronous Receive, or 
SCI Synchronous Data 
Legend: ST = Schmitt Trigger Input 
TABLE 5-6: SUMMARY OF PORTC REGISTERS 


PORTC 





Power-on Reset Value 


PortC pins when read 07h XXXX XXXX 
PortC latch when written 


TRISC PortC data direction register 87h 1111 1111 
0 = output, 1 = input 


















Notes: 1: x = unknown, - = unimplemented, reads as a ‘0’. 
2: For reset values of registers in other reset situations refer to Table. 
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5.4 PORTD and TRISD Registers | FIGURE 5-6: PORTD BLOCK DIAGRAM 
(IN /O PORT MODE) 


/O PortD is an 8-bit port with Schmitt trigger input 
buffers. Each pin is individually configurable as input or 
output. 


PORTD canbe configured as an 8-bit wide microproces- 
sor port (or parallel slave port) by setting control bit 
PSPMODE (TRISE<4>) . In this mode, the input buffers 
are TTL. 


Schmitt 
Trigger 


"RD PORT" 


Note: 1/O pins have protection diodes to Vop and Vss. 





TABLE 5-7: PORTD FUNCTIONS 


/Name Buffer Type 


RDO/PSPO ST/TTL Input/output port pin or parallel slave port bit O 
RD1/PSP1 ST/TTL input/output port pin or parallel slave port bit 1 


RD2/PSP2 bit ST/TTL Input/output port pin or parallel slave port bit 2 


RD3/PSP3 | bit3 | ST/TTL Input/output port pin or parallel slave port bit 3 


bit2 
RD4/PSP4 ST/TTL input/output port pin or parallel slave port bit 4 
RD5/PSP5 | bits ST/TTL Input/output port pin or parallel slave port bit 5 


RD6/PSP6 ST/TTL input/output port pin or parallel slave port bit 6 


RD7/PSP7 bit7 ST/TTL input/output port pin or parallel slave port bit 7 
Legend: ST = Schmitt Trigger Input, TTL = TTL input 





TABLE 5-8: SUMMARY OF PORTD REGISTERS 


PORTD PORTD pins when read O8h 
PORTD latch when written 

TRISD PORTD data direction register 88h 
O = output, 1 = input 


Notes: 1: x = unknown, - = unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table. 





Power-on Reset Value 














XXXX XXXX 


1111 1111 
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5.5 PORTE and TRISE Register FIGURE 5-7: PORTE BLOCK DIAGRAM 


VO PORTE has three pins REO, RE1 and RE2, which are (IN /O PORT MODE) 
individually configurable as inputs or outputs. These 


have Schmitt trigger input buffers. ae a 
D 

I/O PORTE becomes control inputs for the microproces- "WR i 

sor port when the PSPMODE bit (TRISE<4>) is set. In PORT a 


cK Q > 
this mode, the user must make sure that the TRISE<2:0> 
bits are set (pins are configured as digital inputs). In this - a . 
mode the input buffers are TTL. i = 


Figure 5-8 shows the TRISE register, which also con- Q Analog Vs 
trols the synchronous slave port operation. past 


Schmidt -2 


Trigger 
input 
buffer 





*RD PORT" ie: ‘ 


To A/D Converter 





I/O pins have protection diodes to Vop and Vss. 


FIGURE 5-8: TRISE REGISTER 


R R RW RW U- RW RW RW 
IBOV| PSPMODE | TRISE2 | TRISE1 | TRISEO Register: TRISE | RAW: Readable & 
Address: 89h writable 





bitO POR value: 07h : Read only 
:. Unimplemented, 

read as ‘O' 

TRISEO: Direction control bit for port pin REO 

1 = Input 

O = Output 

TRISE1: Direction control bit for port pin RE1 

1 = Input 

O = Output 

TRISE2: Direction control bit for port pin RE2 

1 = Input 

0 = Output 

Unimplemented. 

Read as '0' 


PSPMODE: Selects parallel slave port mode for ports 
RD and RE. 

1 = Parallel slave port mode. 

0 = General purpose I/O. 


IBOV: Input buffer overflow in microprocessor mode. 


1 = Awrite occurred when a previous input word has 
not been read. 
Must be cleared in software. 

0 = No overflow has occurred. 


OBF: Output buffer full. 

1 = The output buffer still holds a previously written word. 
0 = Output buffer has been read. 

IBF: Input buffer full. 


1 = Aword has been received and waiting to be read 
by the CPU. 
0 = No word has been received. 
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TABLE 5-9: PORTE FUNCTIONS 


REO/AD/ANS svTTL OO; 


RE1/WR/ANG 7 ST/TTL 
RE2/CS/AN7 a ST/TTL 


Legend: ST = Schmitt Trigger Input, TTL = TTL input 















input/output port pin, Read control input in parallel slave 
port mode, or analog input | 7 
RD 











1= Nota read operation 
0 = Read operation. The system reads the PIC16C74 PORTD 
register (if chip selected) 3 






input/output port pin, Write control input in parallel slave 
port mode, or analog input 

WR 

1 = Nota write operation 

0 = Write operation. The system writes to the PIC16C74 
PORTD register (if chip selected) 


input/output port pin, Chip select control input in parallel slave 
port mode, or analog input 
CS 










1= Device is not selected 
0= Device is selected 


TABLE 5-10: SUMMARY OF PORTE REGISTERS 
[RegisterName | Function =| Address. | Power-on Reset Value 
PORTE | PORTE pins when read 
| PORTE latch when written 
TRISE PORTE data direction control ) 
bits and PORTD mode control 
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5.6 VO Programming Considerations 


5.6.1 BIDIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the register into the CPU, execute the bit 
operation and write the result back to the register. 
Caution must be used when these instructions are 
applied to a port with both inputs and outputs defined. 
For example, a BSF operation on bit 5 of PORTB will 
cause all eight bits of PORTtB to be read into the CPU. 
Then the BSF operation takes place on bit 5 and PORTB 
is written to the output latches. If another bit of PORTB 
is used as a bidirectional I/O pin (say bit 0) and it is 
defined as an input at this time, the input signal present 
on the pin itself would be read into the CPU and re- 
written to the data latch of this particular pin, overwriting 
the previous content. As long as the pin stays in the input 
mode, no problem occurs. However, if bit 0 is switched 
into output mode later on, the content of the data latch 
may now be unknown. 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 


Example 5-3 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 


EXAMPLE 5-3: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
VO PORT 


; Initial PORT settings: PORTB<7:4> Inputs 

: PORTB<3:0> Outputs 

; PORTB<7:6> have external pull-up and are not 
; connected to other circuitry. 


PORT latch PORT pins 


BCF PORTB, 7 
BCF PORTB, 6 
BSF STATUS, RPO 
BCF TRISB, 7 
BCF TRISB, 6 


; Olpp pppp llpp pppp 
; 10pp pppp lipp pppp 


; 10pp pppp llpp pppp 
; 10pp pppp 10pp pppp 


; Note that the user may have expected the pin 
7 values to be O0O0pp pppp. The 2nd BCF caused RB7 
; to be latched as the pin value (High). 


A pin actively outputting a Low or High should not be 
driven from external devices at the same time in order to 
change the level on this pin ("wired-or", "wired-and"). 
The resulting high output currents may damage the chip. 


5.6.2 SUCCESSIVE OPERATIONS ON I/O PORTS 





value, and this value is then written to the PORT latch. 
The actual write to an I/O port happens at the end of an 


instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure. 
5-9). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this I/O port. 


FIGURE 5-9: SUCCESSIVE I/O OPERATION 


, Qt} G2] a31a4) ail a2] a3 a4 | at} G2] a3! a4 | ai! a2! asl at! Note: 


(PO CX PC + OX PCH 2) PC +3 
MOVWF PortB 1 MOVF PortB, W : NOP NOP 
Write to , Read Port B 
Port B 


This example shows write to PortB 
followed by a read from PortB. 
Note that : 

data setup time = (0.25 TCY -TPD) 
where TCY = instruction cycle. 


Therefore, at higher clock . 
frequencies, a write followed by a 


Timing Spec 14 <— - fead may be problematic. 


Execute i Execute ! Execute 


MOVWEF ‘ MOVF : NOP 
PortB PortB, W 


: $ 
t 

{ 

t 

RB <7:0> a 
1 f] . t i] 

4 Port pin 

i] 

i] 

] 

t 


‘ i] 
1 1s Sampled here 
{ t 
t { 
! i] 
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5./ Parallel Slave Port FIGURE 5-10: PORTD AND PORTE ASA 
PARALLEL SLAVE PORT 


PORTD operates as an 8-bit wide parallel slave port, or 
microprocessor port when control bit PSPMODE 
(TRISE<4>) is set. In slave mode it is asynchronously 
readable and writable by the external world through RD 
control input (REO/RD ) and WR control input (RE1/WR ). 


it can directly interface to an 8-bit microprocessor data 
bus. The microprocessor can read or write the port D 
latch as an 8-bit latch. Setting PSPMODE also enables 
the port pin REO to be the RD input, RE1 to be the WR 


input and RE2 to be the CS (chip select) input. For this "RD Port" 
functionality, the corresponding data direction bits of the 

TRISE register (TRISE<2:0>) must be configured as One bit of PortD 
inputs (set). Set interrupt flag 


There are actually two 8-bit latches, one for data-out MEE Ne 


(from the PIC16/17) and one for data input. The user 
writes 8-bit data to port D data latch and reads data from 
the port pin latch (note that they have the same address). 
In this mode the TRISD register is ignored, since the 
microprocessor is controlling the direction of data flow. 


Status flag IBF, Input Buffer Full (TRISE<7>), is set if a 
received word is waiting to be read by the CPU. Once 
the PORTD input latch is read by the PIC16C74, IBF is 
cleared. IBF is a read only status bit. Status flag OBF, 
Output Buffer Full (TRISE<6>), is set if a word written to 
PORTD latch is waiting to be read by the external bus. 
Once the PORTD output latch is read by the micropro- 
cessor, OBF is cleared. Status flag IBOV, Input Buffer 
Overflow (TRISE<5>), is set if a second word is written 
to the microprocessor port when the previous word has 
not been read by the CPU. It is a read/write bit and must 
be cleared by the CPU. 


When not in PSPMODE, IBF and OBF bits are held as 
cleared. However, if the IBOV flag was previously set, 
it must be cleared in the software. 


Note: I/O pins have protection diodes to Vop and Vss. 





An interrupt is generated and latched into control bit 
PSPIF (PIR1<7>) when a read or a write operation is 
completed. The PSPIF interrupt flag must be cleared by 
the CPU and the interrupt can be disabled by clearing 
the interrupt enable bit PSPIE (PIE1<7>). 


TABLE 5-11: SUMMARY OF PARALLEL SLAVE PORT REGISTERS 


PORTD Parallel slave port 
Read/Write Data 


TRISD PortD data direction register 
PORTE Parallel slave port Read/Write/Chip 


Select signals 
TRISE Control bits for Port D peripheral 

Interrupt register (PSPIF bit) 0000 0000 
PIE1 Interrupt Enable register (PSPIE bit) 0000 0000 
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6.0 OVERVIEW OF TIMER MODULES 


The PiC16C74 has three timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred (i.e. timer overflow). Each of these modules is 
explained in full detail in the following sections. The 
timer modules are: 


e Timer 0 (TMRO) module(see Section 7) 
e Timer 1 (TMR1) module (see Section 8) 
e Timer 2 (TMR2) module (see Section 9) 


For enhanced time-based functionality, two additional 
modules can be used with either of the TMR1 or TMR2 
modules. There are: 


e Capture/Compare/PWM1 (CCP1) module 
(see Section 10) 


e Capture/Compare/PWM2 (CCP2) module 
(see Section 10) 


6.1 TimerO (TMRO) Overview 


The TMRO module is identical to the RTCC module of 
other PIC16CXX enhanced core products (and very 
similar to the PIC16C5X products). The TMRO module 
is a simple 8-bit overflow counter. The clock source can 
be either the internal system clock (OSC/4) or an 
external clock. When the clock source is an external 
clock, the TMRO module can be selected to increment 
on either the rising or falling edge. 


The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
TMRO module or the Watchdog timer. The PSA bit 
(OPTION<3>) assigns the prescaler, and the PS2 -PSO 
(OPTION<2:0>) determines the prescaler value. The 
TMRO can increment at the following rates: 1:1 (when 
prescaler assigned to Watchdog timer), 1:2, 1:4, 1:8, 
1:16, 1:32, 1:64, 1:128, 1:256. 


Synchronization of the external clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device's fre- 
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 


When the clock source is an external clock, the TMRO 
module can be selected to increment on either the rising 
or falling edge. 


6.2 Timerl (TMR1) Overview 


Timer1 (TMR1) is a 16-bit timer/counter. The clock 
source can be either the internal system clock (OSC/4), 
an external clock, or an external crystal. TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either operate synchronized to the device or 
asynchonously to the device. Asynchonous operation 
allows TMR1 to operate during sleep, which is useful for 
applications that require a real time clock as well as the 
power savings of sleep mode. 


TMR1 also has a prescaler option which allows the 
TMR’1 to increment at the following rates: 1:1, 1:2, 1:4, 
1:8. TMR1 can be used in conjunction with the Capture 
/ Compare /PWM (CCP1 or CCP2) module. When used 
with the CCP1or CCP2 module, TMR1 is the timebase 
for 16-bit capture or the 16-bit compare. When using the 
TMR1 module with the CCP1or CCP2 module, TMR1 
must be synchronized to the device (timer or synchro- 
nized counter mode). 


6.3 Timer2 (TMR2) Overview 


Timer2 (TMR2) is an 8-bit timer. TMR2 has both a 
programmable prescaler and postscaler, as well as an 8- 
bit period register (PR2). TMR2 can be used with the 
CCP1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler option 
which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 


The postscaler allows TMR2 to match the period register 
(PR2) a programmable number of times before generat- 
ing an interrupt. The postscaler can be programmed 
from 1:1 to 1:16 (inclusive). 


6.4 CCP1 and CCP2 Overview 


The CCP modules can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or 10-bit Pulse 
Width Modulation (PWM) 


Capture mode, captures the 16-bit value of TMR1 into 
the CCPRxH:CCPRxL register pair. The capture event 
can be programmed for either the fallirig edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCPx pin. 


Compare mode, compares the TMR1H:TMR'1L register 
pair to the CCPRxH:CCPRxL register pair. When a 
match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low) TMR1 can be reset (CCP1) or TMR1 reset and 
start A/D conversion (CCP2). This depends on the 
control bits CCPxM3 - CCPxMo. 


PWM mode, compares TMR2 to a 10-bit duty cycle 
register as well as to an 8-bit period register (PR2). 
When the TMR2 = PR2, TMR2 is reset to 00h, an 
interrupt can be generated, and the CCPx pin (if an 
output) will be forced high. When the TMR2 = Duty Cycle 
register, the CCPx pin will be forced low. 





© 1994 Microchip Technology Inc. 


Preliminary 


DS303327A-page 31 





PIC16C74 





7.0 TIMERO (TMRO) MODULE 


The TMRO module timer/counter has the following fea- 
tures: 


¢ 8-bit timer/counter 

e Readable and writable (file address 01h) 
e 8-bit software programmable prescaler 

e Internal or external clock select 

e Interrupt on overflow from FFh to 00h 

e Edge select for external clock 


Figure 7-1 is a simplified block diagram of the TMRO 
module. 


Timer mode is selected by clearing the RTS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 


FIGURE 7-1: TIMERO (TMRO) BLOCK DIAGRAM 


Programmable 
Prescaler 


RTE . RTS | PS2, PS1, PSO 


Notes: 1. 


two cycles (See Figures 7-2 and 7-3). The user can work 
around this by writing an as alae value to the TMRO 
module. 


Counter mode is selected by setting the RTS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by control bit RTE 
(OPTION<4>). Clearing the RTE bit selects the rising 
edge. Restrictions on the external clock input is dis- 
cussed in detail in Section 7.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by control bit, PSA (OPTION<3>). | 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1:2, 1:4, ..., 1:256 are selectable. Section 7.3 
details the operation of the prescaler. 


Data Bus 


- 


Set TOIF 
Interrupt on 
Overflow 


Sync with 
Internal 
clocks 


(2 Cycle Delay) 


Bits, RTE, RTS, PS2, PS1, PSO AND PSA are located in OPTION register. 


2. The prescaler is shared with Watchdog Timer (refer to Figure 7—6 for detailed diagram). 





FIGURE 7-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 
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7.1 TIMERO (TMRO) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
— sets the TOIF bit. The interrupt can be masked by 
clearing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 7-4 for TMRO interrupt timing. 


7.2 Using TMRO with External Clock 


When external clock input is used for TMRO, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 


Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 7-5, the synchronization is done after 
the prescaler. The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for PSOUT to be high 
for at least 2 tosc and low for at least 2 tosc where: 


tosc = oscillator time period. 


FIGURE 7-4: TIMERO (TMRO) INTERRUPT TIMING 










Notes: 
1. TOIF interrupt flag is sampled here (every Q1). 


ai| a2} as| a4] at] a2] azs| aa] ai] a2] as] aa! ar| a2] as] aa! ar] a2z| as| as 


OSC1 
TMRO timer | FEnX|_FFh_-X_|00h =X oth SSCS *dY aX 
a on 2 
GIE bit 
oe CT oS) CAN oS a CN oS G7) 
Instruction 
fetched Inst (PC) inst (PC + 1) inst (0004h) inst (0005h) 
Instructi 
pene Inst (PC - 1) Inst (PC) inst (0004h) 


2. Interrupt latency = 4 Tcy where Tcy = instruction cycle time. 
3. CLKOUT is available only in RC oscillator mode. 


When no prescaler is used, Psout (Prescaler output, 
see Figure 7-1) is the same as TMRO clock input and 


therefore the requirements are: 


TRTH = TMRO high time = 2tosc + AT 
(See parameter #40) 
TRTL = TMRO low time 2 2tosc + AT 


(See parameter #41) 


When prescaler is used, the TMRO module input is 
divided by the asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 


Then: 


PsouT high time = PsouT low time = N “jet 
where 


TRT TMRO input period 
N =  prescale value (2, 4, ...., 256). 
The requirement is, therefore: 


Ne Tat et > 2tosc + AT, or TRT> tins eA) 2 AT 


where 


AT = small RC delay 
(see Timing Specifications). 

The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary, the TMRO module input re- 
quirements are: 


TRT = TMRO period 2 (4 tosc + 2 AT)/N 
TRTH =  TMRO high time 2 AT 
TRTIL =  TMRO low time 2 AT 
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Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 


a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 7-5, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within +4 tosc (t200ns @ 
20 MHz). 


7.3 Prescaler 


An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the Watchdog Timer, 
respectively (see Figure 7-6). For simplicity, this counter 
is being referred to as "prescaler* throughout this data 


sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignment for the TMRO module means that there is no 


prescailer for the Watchdog Timer, and vice-versa. 


The PSA and PS2-PSO bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 1, MOVWF 1, 
BSF 1,x....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. The prescaler is not 
readable or writable. 


FIGURE 7-5: TIMERO TIMING WITH EXTERNAL CLOCK 


Qt! G2] G3! 4 ' Qt} G2! ABI Q4 ' QI! C21 GBI Q4 | ATI 2! ABI Qs | 


EXT CLOCK INPUT OR ! 
PRESCALER OUT (NOTE 2) \\\\\\\ 


EXT CLOCK/PRESCALER f 
OUTPUT AFTER SAMPLING 


INCREMENT TMRO (Q4) 


TMRO R 
Notes: ' ‘ 


ARTIRE : 


i Small pulse 1 
misses sampling 


{ (note 3) { { 


R+1 


1. Delay from clock input change to TMRO increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 





FIGURE 7-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 
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Interrupt 
on Overflow 
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WDT Note: RTE, RTS, PSA, PSO-PS2 
Time-out are bits in the OPTION register 
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7.3.1 SWITCHING PRESCALER ASSIGNMENT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 7-1) 
must be executed when changing the prescaler assign- 
ment from TMRO to WDT. Depending on the selected 
prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 


EXAMPLE 7-1: CHANGING PRESCALER 


(TMRO->WDT) 
1. BCF STATUS, RPO ‘;Bank 0 
2. CLRF TMRO ;Clear TMRO 
3. BSF STATUS, RPO ;Bank 1 
4. CLRWDT ;Clears WDT and 
prescale 
5. MOVLW B'xxxx1xxx' ;Select new prescale 
6. MOVWF OPTION ; value 
7. BCF STATUS, RPO ;Bank 0 


TABLE 7-1: SUMMARY OF TMRO REGISTERS 














Steps 2 and 3 are only required if an external TMRO 
source is used. Steps 9 and 10 are necessary only if the 
desired prescale value is '000' or '001'. 


Tochange prescaler from the WDT to the TMRO module 
use the sequence shown in Example 7-2. This precau- 
tion must be taken even if the WDT is disabled. 


EXAMPLE 7-2: CHANGING PRESCALER 
(WDT->TMRO) 


1. CLRWDT ;Clear WDT and 

;prescaler 

2. BSF STATUS, RPO 

3. MOVLW B'xxxx0xxx' ;Select TMRO, new 

;prescale value and 
;clock source 

4. MOVWF OPTION ; 


5. BCF STATUS, RPO 















OPTION Configuration and prescaler assignment 81h sy es i 
bits for TMRO. See Figure 4-4 

INTCON TMRO overflow interrupt flag and mask bits 0 0000 000x 
See Figure 4-5 


TABLE 7-2: REGISTERS ASSOCIATED WITH TMRO 


[Address |Name | Bit? _ 
TIMERO 


Bh 






| 0B |INTCON | __GIE_| 





Legend — = Unimplemented locations, Read as ‘0’ 
Shaded boxes are not used by TMRO module. 
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8.0 TIMER1 (TMR1) MODULE 


Timer1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1H and TMR1L) which are readable and 
writable. TMR1 increments from 0000h to FFFFh and 
rolls over to O00Oh. An interrupt, if enabled, is generated 
on overflow which is latched in interrupt flag bit TMR1IF 
(PIR1<0>). This interrupt can be enabled or disabled 
using the timer1 interrupt enable bit TMR1IE (PIE1<0>). 


TMAR1 can operate in one of two modes: 
¢ Asatimer | 
e As acounter 


This is determined by the clock select bit, TMR1CS 
(TICON<1>). | 


FIGURE 8-1: T1CON: TIMER1 CONTROL REGISTER 


intimermode, TMR1 increments every instruction cycle. 
In counter mode, it increments on every rising edge of 
the external clock input on RCO/T1OSO/T1CKI. 


Timer1 can be turned on or off using the control bit 
TMRION (T1CON<0>). See description of T1CON 
control register for all control bits related to Timer1. 


Timer also has an internal “reset input". This reset can 
be generated by CCP1 or CCP2 (Capture/compare/ 
PWM) module. See Section 10 for details. Figure 8-1 
shows the Timer1 control register. | 


When the Timer1 oscillator is enabled (T1OSCEN is 
set), the RC1/T1OSI/CCP2 pin becomes an input. That 
is, the TRISC<1> value is ignored. The RCO/T10SO/ 
T1CKI pin should normally be configured as an input (for 
external clock). However, this pin can be configured as 
an output if self-clocking (through the output pin) is 
desired. 


UU RW RW R/W R/W RW RW | | 
TicKPS1|TICKPSO |TIOSCEN| T1INSYNC|TMR1CS|TMRION | | Register: = TICON| RW: Readable & 
Address: writable 


| 
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bio | POR reset value: 00h] R: Read only 
: Unimplemented, 
read as '0' 





- TMRION: Timer on bit. 


1 = Enables timer1 
0 = Stops timer1 


TMR1CS: Timer1 clock select. 


1 = External clock (RCO/TCKI pin) (rising edge) 
0 = Internal clock (OSC/4) 


T1IINSYNC: Timeri external clock input 
synchronization control. 


When TMRI1CS = 1 (Timer1 uses an external clock) 


1 = Do not synchronize external clock input 
0 = Synchronize external clock input 


When TMR1CS = 0 (Timer1 uses the internal clock). 
This bit is ignored. 


TIOSCEN: Timer1 oscillator enable/disable. 


1 = Oscillator is enabled 

0 = Oscillator shut off. The oscillator inverter and 
feedback resistor are turned off to eliminate 
power drain. 


TICKPS<1:0>: Timer1 input clock prescale select. 


11 = Prescale value = 8 
10 = Prescale value = 4 
01 = Prescaile value = 2 
00 = Prescale value = 1 


Unimplemented. 
read as '0' 
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8.1 TMR1 Operation in Timer Mode 


Timer mode is selected by clearing the TMR1CS 
(T1ICON<1>) bit. In this mode, the input clock to the 
timer is OSC/4. The synchronize control bit T1INSYNC 
(T1CON<2>) has no effect since the internal clock is 
always in sync. 


8.2 TMR1 Operation in Synchronized 
Counter Mode 


Counter mode is selected by setting the TMR1CS bit. In 
this mode the timer increments on every rising edge of 
clock input on pin RC1/T1OSI/CCP2 (when T1O0SCEN 
is set) or the RCO/T1OSO/T1CKI. 


If TIINSYNC is cleared, then the external clock input is 
synchronized with internal phase clocks. The synchro- 
nization is done after the prescaler stage. The prescaler 
stage is an asynchronous ripple counter. 


In this configuration, during SLEEP mode, TMR1 will not 
increment even if external clock is present, since the 
synchronization circuit is shut off. The prescaler how- 
ever will continue to increment. 


FIGURE 8-2: TMR1 BLOCK DIAGRAM 


TMRI1IF 
Overfiow 


8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 
SYNCHRONIZED COUNTER MODE 


In synchronized counter mode, the prescaler output is 
sampled twice every instruction cycle. Therefore, the 
following restrictions apply to external clock input: 


when prescaler is 1:1: 
TTCKIH = T1OSI high time = 2 tosc + AT 
TTCKIL = T1OSI low time = 2 tosc + AT 
where AT = small RC delay (see timing specifications) 


when prescaler is higher: 


The input clock is divided by two or more, so the 
prescaler output is symmetrical. The requirements are 
then: 


Prescaler out high time = Prescaler out low time 
= Ne TTickiP > 2 tosc + AT 


2 
or TTicKip 2=4tosc + AT 
N | 
where TT1CKIP = T1OSI input clock period 
N = _ prescale value (2, 4, 8) 
AT =_ small RC delay 


(see timing specifications) 


Note that no requirement on minimum high time or low 
time is mentioned. However, if the pulse is too small it 
may not be recognized. Hence a minimum high and low 
time is specified. 


TT1CKIH 2 AT (see timing specification #45) 
TTICKIL > AT (see timing specification # 46) 


Synchronized 





TMR10N 
on/off TIINSYNC 





Synchronize 
fe det 


Sleep input 


RC1/ Enable Internal 
T10SI/ Oscillatort Clock 


CCP2 TMRICS T1CKPS<1:0> 


i] 
RCO/ 
ad . Prescaler 
ras TIOSCEN OSC/4 1,2,4,8 
2 


t When the T1 OSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain. 
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8.3  TMR1 Operation in Asynchronous 
Counter Mode | | 


If the control bit TIINSYNC is set, the external clock 
input is not synchronized. The timer continues to incre- 
ment asynchronous to the internal phase clocks. The 
timer will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed to 
read/write the timer (see Section 8.3.2). 


In asynchronous counter mode, Timer1 can not be used 
as timebase for capture or compare operations. © 


8.3.1 EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED CLOCK 


If TIINSYNC is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as speci- 
fied in timing specifications #45 and #46. 


8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 


Reading TMR1H or TMR1L while the timer is running off 
external asynchronous clock will guarantee a valid read 
(taken care of in hardware). However, the user should 
keep in mind that reading the 16-bit timer in two 8-bit 
values itself poses certain problems since the timer may 
overflow between the reads. : 


For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten- 
tion may occur by writing to the timer registers while the 
register is incrementing. This may produce an unpre- 
dictable value in the timer register. 


Writing to the timer is no problem, if the timer clock is 
slower than the instruction cycle time. Reading the 16- 
bit value requires some care. Example 8-1 is an 
example routine to read the 16-bit timer value. This is 
useful if the timer cannot be stopped. 


EXAMPLE 8-1: READING A16-BIT_ | 
-FREE-RUNNING TIMER 


; All Interrupts are disabled 


MOVF TMR1H, Wreg ; Read high byte 
MOVWF TMPH F | 
MOVF TMRIL, Wreg ; Read low byte 
MOVWF TMPL ; 
MOVF TMR1H, Wreg ; Read high byte 
SUBWF TMPH, Wreg ; Sub ist read 
: with 2nd read 
: is result = 0 
; Good 16-bit read 


BTFSC STATUS, Z 
GOTO CONTINUE 


TMR1L may have rolled over between the read 
of the high and low bytes. Reading the high 
and low bytes now will read a good value. 


=e we te Me ft 


MOVF TMR1H, Wreg 
MOVWF TMPH ; 
MOVF TMR1IL, Wreg ; Read low byte 
MOVWE TMPL ; 

; Re-enable Interrupt (if required) 

CONTINUE ; Continue with your 
: ; code 


; Read high byte 


8.4 Timeri1 Oscillator 


A crystal oscillator circuit is built in between T1OSI pin 
(input) and T1OSO (amplifier output). It is enabled by 
setting control bit T1OSCEN (T1CON<3>). The oscilla- 
tor is a low power oscillator rated up to 200KHz. It will 
continue to run during SLEEP. Itis primarily intended for 
a 32KHz crystal. Table 8-1 shows the capacitor selec- 
tion for the Timer1 oscillator. 


The Timer1 oscillator is identical to the LP oscillator. The 
user must allow software time-out to ensure proper 
oscillator start-up. 


TABLE 8-1: CAPACITOR SELECTION FOR 
THE TIMER1 OSCILLATOR 













100 KHz 
200 KHz 


Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. 

§For Vop > 4.5V, C1 =C2 ~ 30pf is recommended. 
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8.5 Resetting Timer1 using a CCP Trigger 8.6 Resetting of Timer Registers 

Output TMR1H and TMR1L registers are not reset on POR or 
If CCP1 or CCP2 module is configured in compare mode any other reset except by the CCP1 special reset trigger. 
to generate a “special event” trigger (CCP1M<3:0> = T1CON register is reset to 00h on Power-on Reset. In 
1011), this signal will reset timer. any other reset, the register is unaffected. 


Timer1 must be configured for timer or synchronized 
counter mode operation to take advantage of this fea- 


ture. If the Timert is running in asynchronous counter The prescaler counter is cleared on writes to the TMR1H 
mode, this reset operation may not work. or TMAIL registers. 


8.7 Prescaler 


In the event that a write to Timer1 coincides with a reset 
trigger from CCP1 or CCP2, the write will take prece- 
dence. 


In this mode of operation, the CCPRxH:CCPRxL regis- 
ters pair effectively becomes the period register for the 
timer. 


TABLE 8-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER 




















Address 


0B/8B INTCON 


ae 
[oc _| 
| OE TMRIL Timer1 Least Significant Byte 

OF 
| to | 











Legend — = Unimplemented locations, Read as '0' 
Note: Shaded boxes are not used by Timer1 module. 


23 
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9.0 TIMER2 (TMR2) MODULE 


Timer2 is an 8-bit timer with a prescaler and a postscaler. 
It is especially suitable as PWM time-base (for PWM 
mode of CCP modules). TMR2 is a readable and 
writable register. 


The input clock (osc/4) has a prescale option of 1, 4 or 16 
(selected by control bits TCKPS1, TCKPSO, register 
T2CON). 


Timer2 has an 8-bit period register PR2. Timer2 incre- 
ments from OOh until it matches PR2 and then resets tO 
OOh. PR2 is a readable and writable register. 


The overflow (or match) output of TMR2 goes through a 
4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generate timer2 interrupt (latched in TMR2IF bit, PIR<1>). 


Timer2 can be shut off using TMR2ON (T2CON<2>) 
control bit to minimize power consumption. 


Figure 9-2 shows the Timer2 control register. 


FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 


9.1 Prescaler and Postscaler 


The prescaler and postscaler counters are cleared when 
any of the following occurs: a write to the TMR2 register, 
a write to the T2CON register, or any device reset 
(Power-on Reset, MCLR reset, or Watchdog Timer 
reset). 


9.2 Output of TMR2 


The output of TMR2 (before the postscaler) is fed to the 
synchronous serial port module which optionally uses it 
to generate shift clock. 





FIGURE 9-1: TIMER2 BLOCK DIAGRAM 


Timer2 TMR2 
interrupt output * 


Reset Prescaler 
1,4, 16 


TMR2IF 


Postscale 
1:1 > 1:16 


* TMR2 output can be software selected by the SSP 
module as baud clock. 





Register: T2CON | R/W: Readable & 
aa TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO} TMR20N | T2CKPS1 | T2CKPSO Address: 12h writable . 
Reset value: OOh|U: Unimplemented 





T2CKPS<1:0>: Timer2 clock prescaler select. 
00 = Prescaler is 1 

01 = Prescaler is 4 

1x = Prescaler is 16 


TMR2ON: Timer2 on/off control. 

1 = TMR2 is on 

0 = TMR2 is off 

TOUTPS<3:0>: Timer2 output postscale select 


0000 = Postscaler is 1 
0001 = Postscaler is 2 


1111 = Postscaler is 16 
Unimplemented. 
Read as ‘0' 


TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER 


[Aaaress [Nano [ek [ke [ens [one era | ona [ori [ono 


PIE1 


T2CON fo TOUTPS3| TOUTPS2 lTOUTPS1|TOUTPSO| TMR2ON| T2cKPs1| T2CKPSO 
/PR20 Timer2 period Register 


Legend — = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by Timer2 module. 


<a 
[0c 
pes 
[re 
2 
ce 
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10.0 CAPTURE/COMPARE/PWM 
MODULE 


The PIC16C74 has two Capture/Compare/PWM (CCP) 
modules consisting of a 16-bit register which can operate 
as a 16-bit capture register, as a 16-bit compare register 
orasaPWM output. (Boththe CCP1 and CCP2 modules 
are identical in operation, with the exception of the 
special trigger.) In the following sections, the operation 
of a CCP module is decribed with respect to CCP1. 
Please note that CCP2 is similar to CCP1, except where 
noted. 


CCP1 module: 


Capture/compare/PWM register1 (CCPR1) is made up 
of two 8-bit sections: low byte, CCPR1L and high byte, 
CCPR1H. Both are readable and writable. 


CCP2 module: 


Capture/compare/PWM register1 (CCPR2) is made up 
of two eight bit sections: low byte, CCPR2L and high 
byte, CCPR2H. Both are readable and writable. 


FIGURE 10-1: CCP1CON REGISTER 


U U RW R/W R/W 


10.1 Capture Mode 


In Capture mode, CCPR1H:CCPRIL captures the 16- 
bit value of TMR1 when an event occurs on pin RC2/ 
CCP1. An event is defined as: 


1. A falling edge 

2. Arising edge 

3. Every 4 rising edges 
4. Every 16 rising edges 


One of these is selected by the control bits CCP 1M <3:0> 
in register CCP1CON. When a capture is made the 
interrupt request flag, CCP1IF bit (PIR<2>) is set. Itmust 
be reset in software. If another capture occurs before 
the value in register CCPR1 is read, the old captured 
value will be lost. In capture mode, the RC2/CCP1 
pin should be configured as an input through its corre- 
sponding TRIS bit. 





When the capture mode is changed, a false capture 
interrupt may be generated. The user should clear the 
CCPI1IF bit following any such change in operating 
mode. 


Register: CCP1CON | R/W: Readable & 


Ae CCPxX | CCPxY | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO Address: 17h writable 
Register: CCP2CON |U: —Unimplemented 
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Address: 10h 
CCPxM <3:0>: CCP1 mode select. 
0000 = Capture/compare/PWM off 
(Resets CCP1 module) 
0100 = Capture mode, every falling edge 
0101 = Capture mode, every rising edge 
0110 = Capture mode, every 4th rising edge 
0111 = Capture mode, every 16th rising edge 
1000 = Compare mode, set output on match 
(CCPxIF bit is set) 
1001 = Compare mode, clear output on match 
(CCPxIF bit is set) 
1010 = Compare mode, generate software 
interrupt (CCPxIF bit is set). 
CCP1 pin is unaffected 
1011 = Compare mode, trigger special event 
- CCP1 resets TMR1 
- CCP2 resets TMR1 and starts an A/D 
conversion (if A/D module is on) 
11XX = PWM mode 
CCPxX:CCPxyY: Two low order bits. 


Preliminary 





Capture mode: Unused 


Compare mode: Unused 


PWM mode: Write the two low order bits in high 
resolution (10-bit) mode. May be kept constant (at '0') 


if only 8-bit resolution (in standard resolution mode) is 
desired. 


Unimplemented. 
Reads as '0’. 
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10.1.1 PRESCALER DETAILS 


There are four prescaler setting, specified by the 
CCP1M3-CCP1M0 bits. Whenever the CCP module is 
turned off, or the CCP module is notin capture mode, the 
prescaler counter is cleared. This means that any reset 
will clear the prescaler counter. 


Switching from one capture prescaler to another may 
generate an interrupt. Also, the prescaler counter will 
not be cleared, and therefore the first capture may be 
from a non-zero prescaler. Example 10-1 shows the 
recommended way to switch between capture prescalers. 
This example also clears the prescaler counter and will 
not generate the “false” interrupt. 


EXAMPLE 10-1: CHANGING BETWEEN 
CAPTURE PRESCALERS 


CLRF CCP1CON 
MOVLW NEW_CAPT_PS 


; Turn CCP module off 
; Load the W reg with 

7 the new prescaler 

+ mode value and CCP ON 
; Load CCP1CON with 

: this value 


MOVWF CCP1CON 


10.1.2 TIMER1 MODE SELECTION 


Timer1 must be running in timer mode or synchronized 
counter mode for the CCP1 modules to use the capture 
feature. In asynchronous counter mode the capture 
operation may not work. 


FIGURE 10-2: CAPTURE MODE OPERATION 


Set CCPxIF 
interrupt 


aa 
a 


8 
TMR1H TMRIL 


Q's CCPCONx<3:0> 





10.2 Compare Mode 


In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the timer1. When a match 
occurs, the RC2/CCP1 pin is: 


e Driven High 
e Driven Low 
e Remains Unchanged 


The action on the pin is based on the control bits 

CCP1M <3:0> in register CCP1CON. At the same time, 

a compare interrupt is also generated (bit CCP1IR, 

register CCP1CON). The user must set the RC2/CCP1 

pin as an output through the TRISC<2> bit. 

Note: Clearing the CCP1CON register will force the 
RC2/CCP1 compare output latch to the default 
low level. This is not the data latch. 


10.2.1 TIMER1 MODE SELECTION 


Timer1 must be running in timer mode or synchronized 
counter mode if the CCP1 module is using the compare 
feature. In asynchronous counter mode, the compare 
operation may not work. 


10.2.2 SOFTWARE INTERRUPT MODE 


Another compare mode is software interrupt mode in 
which the CCP1 pin is not affected. Only CCP1IF 
interrupt is generated. 


10.2.3 SPECIAL TRIGGER 


In this mode, an internal hardware trigger is generated 
which may be used to initiate an action. 


The special trigger output of CCP1 resets the timer. 
This allows the CCPR1 register to effectively be a 16-bit 
programmable period register for timer1. 


The special trigger output of CCP2 starts an A/D conver- 
sion (if the A/D module is on) and resets Timer1. This 
allows A/D conversions to be done at a constant (sam- 
pling) frequency without software overhead. 


FIGURE 10-3: COMPARE MODE OPERATION 


as Set CCPxIF 
interrupt 
PIR<2> 


ra 
© 
> 
® 

ey 
5 
® 
a. 


iy! 
if 


TRISC<y> CCPxCON<3:0> 
Output Enable Mode Select 





t For CCP1 (if enabled), reset Timert. 
For CCP2 (if enabled), resetTimer1 one set GO bit 
(ADCONO<2>). 
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10.3 PWM Mode 


In Pulse Width Modulation (PWM) mode, the RC2/CCP1 
produces up to 10-bit resolution PWM output. This pin 
must be configured as an output through the TRISC<2> 
bit. In PWM mode, the user writes the 8-bit duty-cycle 
value to the low byte of the CCPR1 register, namely 
CCPRIL. The high-byte, CCPR1H is used as the slave 
buffer to the low byte. The 8-bit data is transferred from 
the master to the slave when the PWM1 outputis set (i.e. 
at the beginning of the duty cycle). This double buffering 
is essential for glitchless PWM output. In PWM mode, 
CCPRI1H is readable but not writable. The period of the 
PWM is determined by the timer2 period register (PR2). 


PWM period is = 
[(PR2) + 1] ¢ 4 tosc * (TMR2 prescale value) 


PWM duty cycle = 
(DC1) © tosc ¢ (TMR2 prescale value) 


where DC1 = 10 bit value from CCPRxL and 
CCPxCON<5:4> concantenated. 


The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 





FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 


CCPxCON<S5:4> 


Duty cycle registers 


Tecra [ 


RCy/CCPx 


TRISC<y> 


Note: 8-bit timer is concantenated with 2-bit internal Q clock 
or 2 bits of the prescaler to create 10-bit time base. 





TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 


Resolution| TMR2 TMR2 TMR2 
Mode) Prescale = 1| Prescale = 4|Prescale = 16 


Frobi | resonne | sonra | 122K 
[abn [anoekite | or77ine | 244 Rte 


78.13 KHz | 19.53 KHz | 4.88 KHz 










Max 
Resolution 
(High 
































TABLE 10-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz 





PWM Frequency 


Timer Prescaler (1, 4, 16) 
PR2 Value 
Resoution (High-resolution mode?) 


Resolution (Standard-resolution mode) 

























[ze kez [488 witz | 19°59 KHz | 70.19 Kitz | 157.5 Ke 
ee 2 ae ee eer 












BO 
OxSF 











resin [rit ‘(aoe 
a 





ft Standard resolution mode has the CCPIX:CCPIY bit constant (or ‘0’), and only compares the TMR2 against the PR2. The Q-cycles 


are not used. 
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TABLE 10-3: REGISTERS ASSOCIATED WITH TIMER1 AND CAPTURE 
Address 
| OBB | INTCON ~—s|_—SGIE Te Fee 

: fae oes ll copie | TMB2IE | TMAUE | 


| oc 

ee ee 

| 0c TMRIL | Timert LeastSignificantByte 
| oF |TMRIH | Timert Most Significant Byte 

Tieton = [= | tienes frienso [rioscen|rineyne| Twni6s | TwnTON 
| 15 [ccprit _—i| TimertCaptureRegister(LSB) 
ears i 
Lae 
in Ace «| 


0c 

8C 

OF 

16 CCPR1H Timer1 Capture Register (MSB) 

17 CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 
1A | 

1c 

















ow 
2 
oe 
Se 
Pe : 
ue 

















ey 
3 
a 





recpiconn | — | — | 
[18 [copran | Tinert Copuro Register se) 
[ie fecrecon | — | —— 


Legend — = Unimplemented locations, Read as'0' Note: Shaded boxes are not used in this mode. 











TABLE 10-4: REGISTERS ASSOCIATED WITH TIMER1 AND COMPARE 


0B/8B 
0c 
8C 














INTCON 
PIR1 


TMRIL a | | 


Legend — = Unimplemented locations, Read as'0' Note: Shaded boxes are not used in this mode. 















OF 


Spa te 300 
See So 





17 
A 


—_h 







— 








TABLE 10-5: REGISTERS ASSOCIATED WITH TIMER2 AND PWM 
Address 








0B/8B 
oc 


INTCON 
PIR1 







re) 
.?) 


BER OOO 36 8 


Legend — = Unimplemented locations, Read as '0' Note: Shaded boxes are not used in this mode. 


TMR2 


is 


onde 
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11.0 SYNCHRONOUS SERIAL PORT 
(SSP) 


The Synchronous Serial Port (SSP) module is a serial 
interface useful for communicating with other peripheral 
or microcontroller devices. These peripheral devices 
may be Serial EEPROMs, shift registers, display drivers, 
A/D converters, etc. The SSP module can operate in one 
of two modes: 


e Serial Peripheral Interface (SPI) 
e Inter-Integrated Circuit (I?C) 


FIGURE 11-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER 


Addr: 94h writable bit 
POR value: 00h : Read only bit 
:  Unimplemented, 
read as '0' 


BF: Buffer full 

Receive (SPI and l*?C modes) 

1 = Receive complete, SSPBUF is full 

0 = Receive not complete, SSPBUF is empty 
Transmi m nl 

1 = Transmit in progress, SSPBUF is full 

0 = Transmit complete, SSPBUF is empty 


UA: Update Address (10-bit I?C slave mode only). 

1 = Indicate that the user needs to update the 
address in the SSPADD register. See 
Section 11.2 for details. 

0 = Address does not need to be updated. 


RW: Read/write bit information (I2C mode only) 
This bit holds the R/W bit information received 
following the last address match. This bit is only 
valid during the transmission. 

The user may use this bit in software to determine 
whether transmission or reception is in progress. 
1 = Read 

0= Write 


S: Start bit (IC mode only) 

This bit is cleared when the SSP module is 

disabled (SSPEN is cleared) 

1 = Indicates that a start bit has been detected 
last. This bit is 0 on reset. 

0 = Start bit was not detected last 


P: Stop bit (I7?C mode only) 

This bit is cleared when the SSP module is 

disabled (SSPEN is cleared) 

1 = Indicates that a stop bit has been detected 
last. 

0 = Stop bit was not detected last 


D/A: Data/Address bit (I@C mode only) 

1 = Indicates that the last byte received was data 

0 = Indicates that the last byte received was 
address 


Unimplemented. 
Reads as ‘0’. 
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER 


RW RW RW RW RW RW RW RW 


[woot [ssPov [SsPEN | CKP | SSPMa|Sspm2[ssPMi|sspmo | lager tan | writable bit 


BitO | POR value: 00h : Read only bit 
: Unimplemented, 
; read as '0' 


SSPM<3:0>: Synchronous serial port mode select 

0000 = SPI master mode, clock = osc/4 

0001 = SPI master mode, clock = osc/16 

0010 = SPI master mode, clock = osc/64 

0011 = SPI master mode, clock = (TMR2 output/2) 

0100 = SPislave mode, clock=SCK pin. SS pin control 
enabled. a 

0101 = SPlislave mode, clock=SCK pin. SS pin control 
disabled. SS can be used as I/O pin. 

0110 = I?C slave mode, 7-bit address _ 

0111= I?C slave mode, 10-bit address 

1011 = I?C master mode support enabled (slave idle) 

1110 = !C slave mode, 7-bit address with master mode 
support enabled 

1111 = I?C slave mode, 10-bit address with master 
mode support enabled 





CKP: Clock polarity select. 

In SPI modes: 

1 = Transmit happens on falling edge, receive on rising 
edge. Idle state for clock is a High level. 

0 = Transmit happens on rising edge, receive on falling 
edge. Idle state for clock is a Low level. 


SCK release control 

1 = Enable clock 

0 = Holds clock low (clock stretch) 
Note: Used to ensure data setup time 


SSPEN: Sync serial port enable 
In SPI modes: 
1 = Enables serial port and configures SCK, SDO and 
SDI as serial port pins. 
0 = Disables serial port and configures these pins as 
I/O port pins. 
In C modes: 
1 = Enables the serial port and configures SDA and 
SCL pins as serial port pins. 
0 = Disables serial port and configures these pins as 
I/O port pins. 


In both modes, when enabled, these pins must be 
properly configured as input or output. 


SSPOV: Receive overflow flag. 
In SPI modes: 

1 = Anew byte is received while SSPBUF register is 
still holding the previous data. In case of overflow, 
the datain SSPSR is lost. Overflow can only occur 
in slave mode. The user must read the SSPBUF, 
even if only transmitting data, to avoid setting 
overflow. In master mode overflow bit is not set 
since each new reception (and transmission) is 
initiated by writing to SSPBUF. 


In FC modes: 
1=A byte is received while the SSPBUF is still 
holding the previous byte. 


SSPOV is a don't care in transmit mode. 


SSPOV must be cleared in software in either mode. 


WCOL: Write collision detect. 
1= the SSPBUF register is written while it is still 
transmitting the previous word. 
Must be cleared in software. 
0 = No collision 
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11.1 SPIi Mode 


The SPI mode allows 8-bits of data to be synchronously 
transmitted and received simultaneously. To accom- 
plish communication, typically three pins are used: 


¢ Serial Data Out (SDO) 
e Serial Data In (SDI) 
e Serial Clock (SCK) 


Additionally a fourth pin may be used when in a slave 
mode of operation: 


Slave Select (SS ) 


When initializing the SPI, several options need to be 
specified. This is done by appropriately programming 
the control bit in the SSPCON register (SSPCON<5:0>). 
These control bits allow the following to be specified: 


e Master Mode (SCK is the clock output) 

e Slave Mode (SCK is the clock input) 

e Clock Polarity (Output/input data on the Rising/ 
Falling edge of SCK) 

e Clock Rate(Master mode only) 

e Slave Select Mode (Slave mode only) 


The SSP consists of a transmit/receive Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, while the 
SSPBUF holds the data that was written to the SSPSR, 
until the received data is ready. Once the 8-bits of data 
have been received, that information is moved to the 
SSPBUF register, the Buffer Full (BF) bit 
(SSPSTAT <0>) and the SSPIF bit are set. This double 
buffering of the received data (SSPBUF) allows the next 
byte to start reception before reading the data that was 
received. Any write to the SSPBUF register during 
transmission/reception of data will be ignored, and the 
write collision detect (WCOL) bit (SSPCON<7>) will be 
set. User software must clear the WCOL bit so that it can 
be determined if the following write(s) to the SSPBUF 
completed successfully. When the application software 
is expecting to receive valid data, the SPPBUF should 
be read before the next byte of data to transfer is written 
to the SSPBUF. The Buffer Full (BF) bit (SSPSTAT<0>) 
indicates when the SSPBUF has been loaded with the 
received data (transmission is complete). When the 
SSPBUF is read, the BF bit is cleared. This data may be 
irrelevant if the SPI is only a transmitter. Generally the 
SSP Interrupt is used to determine when the transmis- 
sion/reception has completed. The SSPBUF can then 
be read (if data is meaningful) and/or the SSPBUF 
(SSPSR) can be written. If the interrupt method is not 
going to be used, then software polling can be done to 
ensure that a write collision does not occur. Example 11-1 
shows the loading of the SSPBUF (SSPSR) for data 
transmission. The instructions with the comment fields 
beginning with ;*** are only required if the received data 
is meaningful. 


EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 


LOOP BSF STATUS, RPO ;Specify Bank 1 
BTFSS SSPSTAT, BF ;Has data been 
;received 
; (transmit 
; complete)? 
GOTO LOOP ;No 
BCF STATUS, RPO ;Specify Bank 0 
MOVF SSPBUF, W ;W reg = contents 


; of SSPBUF 

MOVWF RXDATA ;*** Save in user 
; RAM 

MOVF TXDATA, W ;W reg = contents of 
; TXDATA 


MOVWF SSPBUF ;New data to xmit. 


The block diagram of the SSP module, when in SPI 
mode (Figure 11-3), shows that the SSPSR is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPSTAT) indicates the various 
status conditions. 


FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPI MODE) 


intemal 
data bus 


aemnanee aa ese 
Read ANY Write 
ine 
Bi 
| 
| 


TRISA<5> 


Edge 
Select 


Clock select 


SSPM<3:0> 
Timer2 output 


4 : 
Prescaler 
| Toy 
Data to Tx/Rx in SSPSR 
TRISC<3> 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. This configures the SDI, SDO, SCK, and 
SS pins as serial port pins. For the pins to behave as the 
serial port function, they must have their data direction 
bits (in the TRISC register) appropriately programmed. 
That is: | 

e SDI must have TRISC<4> set 

e SDO must have TRISC<5> cleared 

e SCK (Master mode) must have TRISC<3> cleared 
e SCK (Slave mode) must have TRISC<3> set 


e ss must have TRISA<5> set 


Any serial port function that is not desired may be 
overridden by programming the corresponding data 
direction (TRIS) register to the opposite value. An ex- 
ample would be in master mode where you are only 
sending data (to a display driver), then both SDI and SS 
could be used as general purpose inputs by clearing 
their corresponding TRIS register bits. 


Figure 11-4 shows a typical connection between two 
microcontrollers. The master controller (Processor 1) 
initiates the data transfer by sending the SCK signal. 
Data is shifted out of both shift registers on their pro- 
grammed clock edge, and latched on the opposite edge 
of the clock. Both processors should be programmed to 
same Clock Polarity (CKP), then both controllers would 
send and receive data at the same time. Whether the 
data is meaningful (or dummy data) depends on the 
application software. This leads to three scenarios for 
data transmission: 


e Master sends data — Slave sends dummy data 
e Master sends data — Slave sends data 
e Master sends dummy data — Slave sends data 


FIGURE 11-4: SP! MASTER / SLAVE CONNECTION 


SPI Master SSPM<3:0> = 00xxb | 
SDO! 


Serial Input Buffer 
(SSPBUF) 


Shift Register 
(SSPSR) 


LSb 


The master can initiate the data transfer at any time 
because it controls the SCK. How the master knows 
when the slave (Processor 2) wishes to broadcast data 
is determined by the software protocol. 


In master mode the data is transmitted/received as 
soon as the SSPBUF is written to. Ifthe SPl is only going 
to receive, the SCK output could be disabled (pro- 
grammed as an input). The SSPSR register will con- 
tinue to shift in the signal present on the SDI pin at the 
programmed clock rate. As each byte is received, it will 
be loaded into the SSPBUF as if a normal received byte 
(interrupts and status bits appropriately set). This could 
be useful in receiver applications as a “line activity 
monitor” mode. 


In slave mode, the data is transmitted and received as 
the external clock pulses appear on SCK. When the last 
bit is latched the interrupt flag (SSPIF) is set (PIR1<3>). 


The clock polarity is selected by appropriately program- 
ming the CKP bit (SSPCON<4>). This then would give 
waveforms for SPI communication as shown in 
Figures 11-5 and 11-6. In master mode, the SPI clock 
rate (bit rate) is user programmable to be one of the 
following: 7 


OSC / 4 (or Tcy) 
OSC / 16 (or 4 © Tcy) 
OSC / 64 (or 16 © Tcy) 
Timer2 output / 2 


This allows a maximum bit clock frequency (at 20 MHz) 
of 5 MHz. When in slave mode the external clock must 
meet the minimum high and low times as specified in 
timing parameters 71 and 72. 


SPI Slave SSPM<3:0> = 010xb 
SDI 


Serial Input Buffer 
(SSPBUF) 


‘Shift Register 
(SSPSR) 


MSb LSb 


SCLK '——_=—— > SCLK 


PROCESSOR 1 





PROCESSOR 2 
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The SS pin allows a synchronous slave mode. The SPI 
must be in slave mode (SSPCON<3:0> = 04h) and the 
TRISA<5> bit must be set the for the synchronous slave 
mode to be enabled. When the SS pin is low, transmis- 
sion and reception are enabled and the SDO pin is 
driven. When the SS pin goes high, the SDO pin is no 
longer driven, even if in the middle of a transmitted byte, 
and becomes a floating output. External pull-up / pull- 
down resisters may be desirable, depending on the 
application. 


To emulate two-wire communication, the SDO pin can 
be connected to the SDI pin. When the SPI needs to 
operate as a receiver the SDO pin can be configured as 
an input. This disables transmissions from the SDO. The 
SDI can always be left as an input (SDI function) since 
it cannot create a bus conflict. 


FIGURE 11-5: SPi MODE TIMING (MASTER MODE OR SLAVE MODE W/O SS CONTROL) 


SCK 
(CKP = 0) 


SCK 
(CKP = 1) 


SSPIF 
interrupt flag 


















a ee 
[ec [rer id 
[1a sspour 

94 


| |ssestar | | | 






|Address [Name | Bit? | Bits | Bits | Bit4 
| opeB | INTCON = |__—GIE_—(| PELE — 



















Sse 


SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 
SSPCON wcot | ssPpov | SSPEN sspm3 | sspmM2 | sSPM1 | SSPMO 





Legend — = Unimplemented locations, Read as'0' Note: Shaded boxes are not used by SSP module in SPI mode. 
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11.2 FC™ Overview 


This section gives an overview of the Inter-IC (I?C) bus, 
with Section 11.3 discussing the operation of the SSP 
module in I2C mode. The Inter-IC (I?C) bus is a two-wire 
serial interface developed by Phillips/Signetics™. The 
original specification, or standard mode, was for data 
transfers of up to 100-Kbps. An enhanced specification, 
or fast mode, supports data transmission up to 400 
Kbps. Both standard mode and fast mode devices will 
inter-operate if attached to the same bus. 


The I?C interface employs a comprehensive protocol to 
ensure reliable transmission and reception of data. 
When transmitting data, one device is the “master” 
(generates the clock), while the other device(s) acts as 
the “slave”. All Portions of the slave protocol are imple- 
mented in the SSP module’s hardware, while portions 
of the master protocol will need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 
l2?C-bus terminology. For additional information on the 
I?C interface specification, please refer to the Philips/ 
Signetics™ document “ The I#C-bus and how to use it”. 
The order number for this document is 98-8080-575. 


In the |?C interface protocol each device has an address. 
When a master wishes to initiate a data transfer, it first 
transmits the address of the device that it wishes to “talk” 
to. All devices “listen” to see if this is their address. Within 
this address, a bit specifies if the master wishes to read 
/ write from / to the slave device. The master and slave 
are always in opposite modes (transmitter/receiver) of 
operation during a data transfer. That is they can be 
thought of operating in either of these two relations: 


e Master-transmitter and Slave-receiver 
e Slave-transmitter and Master-receiver 


in both cases the master generates the clock signal. 


The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain or open-collector in order 
to perform the wired-AND function of the bus. External 
pull-up resistors are used to ensure a high level, when no 
device is pulling the line down.. The number of devices 
that may be attached to the I?C bus is limited only by the 
maximum bus loading specification of 400 pF. 


TABLE 11-2: FC-BUS TERMINOLOGY 



















Slave 


Description 


The device that sends the data to the bus 
The device that receives the data from the bus 





| Master The device which initiates the transfer, generates the clock, and terminates the transfer 


The device addressed by a master 


More than one master device in a system. These masters can attempt to control the bus at the same 
time without corrupting the message 


Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensures that 
_ | the transfer data does not get corrupted. | 


Synchronization} Procedure where the clock signals of two or more devices are synchronized. 


11.2.1. INITIATING AND TERMINATING DAT. 
TRANSFER | 


During times of no data transfer (idle time), both the clock 
line (SCL) and the data line (SDA) are pulled high 
through the external pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 
to low transition of the SDA when the SCL is high. The 
STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans- 
fer. Due to the definition of the START and STOP 
conditions, when data is being transmitted the SDA line 
can only change state when the SCL line is low. 


FIGURE 11-7: START AND STOP 
CONDITIONS 


Change Change 
Condition of Data of Data Condition 
Allowed Allowed 
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11.2.2 ADDRESSING I?C DEVICES 


There are two address formats. The simplest is the 7-bit 
address format with a R/W bit (see Figure 11-8). The 
more complex is the 10-bit address with a R/W bit (see 
Figure 11-9). For 10-bit address format, two bytes must 
be transmitted with the first five bits specifying this to be 
a 10-bit address. 


FIGURE 11-8: 7-BIT ADDRESS FORMAT 


MSB LSB 


fell MRE ost tees 


mm slave address __ Sent by 


S -__ Start Condition Slave 
RAW ~ Read/Write pulse 
ACK ~ Acknowledge 


FIGURE 11-9: PC 10-BIT ADDRESS FORMAT 


[S]11110 AQ A8 RWIACKIA7 AG AS A4 A3 A2 AT AO/ACK’ 


sent by slave 
= 0 for write 
S aa Start Condition 
R/W - Read/Write Pulse 
ACK - Acknowledge 


FIGURE 11-11: A DATA TRANSFER 


acknowledgement 
signal from receiver 


_ Condition Address 
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byte complete. 
interrupt with receiver 


Preliminary 


1.2.3 TRANSFER ACKNOWLEDGE 


Alldata must be transmitted per byte, with no limit to the 
number of bytes transmitted per data transfer. After 
each byte, the slave-receiver generates an acknowl- 
edge bit (ACK ). This is shown in Figure 11-10. Whena 
slave-receiver doesn’t acknowledge the slave address 
or received data, the master must abort the transfer. The 
slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7). 


FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 


Data | j 
aE SO, RDO 
Transmitter | at 
) 4 not acknowledge 
Data _!__! ee 
eS 
Output by ; | 
1 4 
i 
1 


Receiver 


| 

Ie! 

1S 

Start Clock pulse for 
Condition acknowledgement 


Master i 1 2 a 
i 





If the master is receiving the data (master-receiver), it 
generates an acknowledge signal for each received 
byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, the master does not 
generate an acknowledge (not acknowledge). The slave 
then releases the SDA line so the master can generate 
the STOP condition. The master can also generate the 
STOP condition during the acknowledge pulse for valid 
termination of data transfer. 


If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move the 
received data or fetch the data it needs to transfer before 
allowing the clock to start. This wait state technique can 
also be implemented at the bit level. Figure 11-11 
shows a data transfer waveform. 


acknowledgement 
signal from receiver 


clock line held low while 
interrupts are serviced 


ACK Wait ACK Condition 
State 
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Figures 11-12 and 11-13 show Master-transmitter and 
Master-receiver data transfer sequences. 


is high), but occurs after a data transfer acknowledge 
pulse (not the bus-free state). This allows a master to 


send “commands” to the slave and then receive the 
requested information or to address a different slave 
device. This sequence is shown in Figure 11-14. 


When a master does not wish to relinquish the bus (by 
generating a STOP condition), a repeated START con- 
dition (Sr) must be generated. This condition is identical 
to the start condition (SDA goes high-to-low while SCL 


FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 


For 10-bit address: 


ES HAS SS 
r Se. 


data transferred 
(n bytes - acknowledge) 


A master transmitter addresses a slave receiver with a 
7-bit address. The transfer direction is not changed. 


A = acknowledge (SDA low) 

A = not acknowledge (SDA high) 
S = START condition 

P = STOP condition 


From master to slave 
A master transmitter addresses a slave receiver with a 


[] From slave to master 10-bit address. 





FIGURE 11-13: MASTER-RECEIVER SEQUENCE 


For 7-bit address: For 10-bit address: 


data transferred 
(n bytes - acknowledge) 


(read) 
A master reads a slave immediately after the first byte. 


A = acknowledge (SDA low) 

A = not acknowledge (SDA high) 
S = START condition 

P = STOP condition 


(read) 
From master to slave 


A master transmitter addresses a slave receiver with a 


[| com slave to master 10-bit address. 





FIGURE 11-14: COMBINED FORMAT 


(read or write) 






Sr = repeated Direction of transfer 
START condition may change at this point 
Transfer direction of data and acknowledgement bits depends on R/W bits. 


(read) (write) 


Combined Format: 





Combined format - A master addresses a slave with a 10-bit address, then transmits 
data to this slave and reads data from this slave. : 


| A = acknowledge (SDA low) 
|) From masterto slave A= not acknowledge (SDA high) 





S = START condition 


[ ] From slave tomaster P= STOP condition 
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1.2.4 Multi-master 


The I?C protocol allows a system to have more than one 
master. This is called multi-master. When two or more 
masters try to transfer data at the same time, arbitration 
and synchronization occur. 


11.2.4.1 ARBITRATION 


Arbitration takes place on the SDA line, while the SCL 
line is high. The master which transmits a high when the 
other master transmits a low loses arbitration (see 
Figure 11-15), and turns off its data output stage. A 
master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing the same 
device, arbitration continues into the data. 


FIGURE 11-15: MULTI-MASTER 
ARBITRATION (2 MASTERS) 


transmitter 1 loses arbitration 
DATA 1 SDA 





Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
slave-receiver mode. This is because the winning mas- 
ter-transmitter may be addressing it. 


Arbitration is not allowed between: 


e Arepeated START condition 

¢ ASTOP condition and a data bit 

e A repeated START condition and 
a STOP condition 


Care needs to be taken to ensure that these conditions 
do not occur. 





11.2.4.2 CLOCK SYNCHRONIZATION 


Clock synchronization occurs after the devices have 
started arbitration. This is performed using a wired-AND 
connection to the SCL line. A high to low transition on the 
SCL line causes the concerned devices to start counting 
off their low period. Once a device clock has gone low, 
it will hold the SCL line low until its SCL high state is 
reached. The low to high transition of this clock may not 
change the state of the SCL line, if another device clock 
is still within its low period. The SCL line is held low by 
the device with the longest low period. Devices with 
shorter low periods enter a high wait-state, until the SCL 
line comes high. When the SCL line comes high, all 
devices start counting off their high periods. The first 
device to complete its high period will pull the SCL line 
low. The SCL line high time is determined by the device 
with the shortest high period. This is shown in 
Figure 11-16. 


FIGURE 11-16: CLOCK SYNCHRONIZATION 


wait Start counting 
HIGH period 
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11.3 SSP PC Operation 


The SSP module in IC mode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications as well as 7-bit and 10-bit addressing. 
Two pins are used for data transfer. These are the 
RC3/SCK/SCL pin, which is the clock (SCL), and the 
RC4/SDI/SDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> bits. A block diagram of the SSP 
module in I2C mode is shown in Figure 11-17. The SSP 
module functions are enabled by setting the SSP Enable 
(SSPEN) bit (SSPCON<5>). 


FIGURE 11-17: SSP BLOCK DIAGRAM 
(PC MODE) 


Internal 
data bus 


Addr_Match 


SSPADD 


Start and Set, Reset 


Stop bit detect S, P bits 
(SSPSTAT Reg) 


The SSP module has five registers for I@C operation. 
These are the: 


SSP Control Register (SSPCON) 

SSP Status Register (SSPSTAT) 

Serial Receive / Transmit Buffer (SSPBUF) 
SSP Shift Register (SSPSR) - Not directly 
accessible 

e Address Register (SSPADD) 





The SSPCON register allows control of the I?C opera- 
tion. Four mode selection bits (SSPCON<3:0>) allows 
one of the following IC modes to be selected: 


¢ ?C Slave mode (7-bit address) © 

e {?C Slave mode (10-bit address) . 

e |?C Slave mode (7-bit address), with 
master-mode support 7 

e |?C Slave mode (10-bit address), with 
master-mode support 

e |?C Master mode, slave is idle 


Selection of any I?C mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, 
provided these pins are set to inputs through the TRISC 
bits. 


The SSPSTAT register gives the status of the data 
transfer. This information includes detection of aSTART 
or STOP bit, specifies if the received byte was data or 
address, if the next byte is the completion of 10-bit 
address, and if this will be a read or write data transfer. 
The SSPSTAT register is read only. 


The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered re- 
ceiver. This allows reception of the next byte before 
reading the last byte of received data. When the com- 
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is re- 
ceived before the SSPBUF is read, a receiver overflow 
has occurred and the SSPOV bit (SSPCON<6> is set. 


The SSPADD register holds the slave address. In 10-bit 
mode, the user needs to write the high byte of the 
address (1111 0A9A8 0). Following the high byte 
address match, the low byte of the address needs to be 
loaded (A7 - AO). 
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11.3.1 Slave Mode 


In slave mode, the SCL and SDA pins must be config- 
ured as inputs (TRISC<4:3> set). The SSP module will 
override the input state with the output data when 
required (slave-transmitter). 


When an address is matched or the data transfer from 
an address match is received, the hardware automati- 
cally will generate the acknowledge (ACK ) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 


There are certain conditions that will cause the SSP | 


module not to give this ACK pulse. These are if either (or 
both): 


e The Buffer Full (BF) bit was set before the transfer 
was received. 


¢ The Overflow (SSPOV) bit was set before the transfer 
was received. 


In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared by reading the SSPBUF register while the 
SSPOV bit is cleared through software. 


The SCL clock input must have a minimum high and low 
for proper operation. The high and low times of the I?C 
specification.as well as the requirement of the SSP 
module is shown in timing specifications #90 and 91. 


11.3.1.1 ADDRESSING 


Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the 8-bits are shifted into the SSPSR. 
All incoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1> is compared to the 
SSPADD register. The address is compared on the 
falling edge of the eighth clock (SCL) pulse. If the 
addresses match, andthe BF and SSPOV bits are clear, 
the following things happen: 


¢ SSPSR loaded into SSPBUF 
¢ Buffer Full (BF) bit is set 


e ACK pulse is generated 
e SSP Interrupt Flag (SSPIF) is set (interrupt is gener- 


ated if enabled) - on falling edge of ninth SCL pulse 


in 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the first address byte specify 
if this is a 10-bit address. The R/W bit (bit 0) must specify 
a write, so the slave device will receive the second 
address byte. For a 10-bit address the first byte would 
equal ‘1111 0A9A80’, where AQ and A8 are the two 
MSbs of the address. The sequence of events for 10-bit 
address are as follows, with steps 7- 9 for slave-transmit- 
ter: 


1. Receive first (high) byte of Address (SSPIF, BF and 
UA are set) 

2. Update SSPADD with second (low) byte of Address 

(clears UA and releases SCL line) 

. Read SSPBUF (clears BF) and clear SSPIF 

4. Receive second (low) byte of Address (SSPIF, BF 
and UA are set) 

5. Update SSPADD with first (high) byte of Address 
(clears UA, if match releases SCL line) 

6. Read SSPBUF (clears BF) and clear SSPIF 

7. Receive Repeated START condition 

8. Receive first (high) byte of Address (SSPIF and BF 
are set) 

9. Read SSPBUF (clears BF) and clear SSPIF 


oO 


TABLE 11-3: DATA TRANSFER RECEIVED BYTE ACTIONS 


Status Bits as Data 
Transfer is Received 





Set SSPIF bit 
(SSP Interrupt if 
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11.3.1.2 RECEPTION 


When the R/W bit of the address byte is clear and an 
address match occurs, the R/W bit of the SSPSTAT 
register is cleared. The received address is loaded into 
the SSPBUF. 


When the address byte overflow condition exists then no 
acknowledge (ACK ) pulse is given. An overflow condi- 
tion is defined as either the BF bit (SSPSTAT<0>) is set 
or the SSPOV bit (SSPCON<6>) is set. 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 


byte. 


FIGURE 11-18: }C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 


Receiving Data 


SSPIF (PIR1<3>) 


BF (SSPSTAT<0>) 


Cleared in software 
SSPBUF is read 


SSPOV (SSPCON<6>) 


SSPOV is set A 
because SSPBUF is 
still full. ACK is not sent. 
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11.3.1.3 TRANSMISSION 


When the R/W bit of the address byte is set and an 
address match occurs, the R/W bit of the SSPSTAT 
register is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled by 
setting the CKP bit (SSPCON<4>). The eight data bits 
are shifted out on the falling edge of the SCL input. This 
ensures that the SDA signal is valid during the SCL high 
time (see Figure 11-19). 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. The SSPIF bit is set on the falling edge of the ninth 
clock pulse. 


As a slave-transmitter, the ACK pulse from the master- 
receiver is latched on the rising edge of_the ninth SCL 
input pulse. If the SDA line was high (not ACK ), then the 
data transfer is complete. The slave then monitors for 
another occurrence of the START bit. If the SDA line was 
low (ACK ), the transmit data must be loaded into the 
SSPBUF register, which also loads the SSPSR register. 
Then the SCL pin should be enabled by setting the CKP 
bit (SSPCON<4>). 


FIGURE 11-19: fC WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS) 


Receiving Address 


| Data in 
1 sampled 


SSPIF (PIR1<3>) 


BF (SSPSTAT<0>) 


CKP (SSPCON<4>) 





Transmitting Data 


ACK 


SCL held low 
while CPU 
responds to SSPIF 


Cleared in software 
SSPBUF is written in software 


service routin 
t 


From SSPIF interrupt 
a 


Set bit after writing to SSPBUF 
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11.3.2 Master Mode 


Master mode of operation is supported by interrupt 
generation on the detection of the START and STOP 
conditions. The STOP (P)and START (S) bits are cleared 
from a reset or when the SSP module is disabled. 
Control of the IC bus may be taken when the P bitis set, 
or the bus is idle and both the S and P bits are cleared 


In master mode the SCL and SDA lines are manipulated 
by changing the corresponding TRISC<4:3> bit(s) to an 
output (cleared). The output level is always low, irre- 
spective of the value(s) in PORTB<4:3>. So when 
transmitting data, a “1” data bit must have the TRISC<4> 
bit set (input) and a “0” data bit must have the TRISC<4> 
bit cleared (output). The same scenario is true for the 
SCL line with the TRISC<3> bit. 


The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 


e START condition 
¢ STOP condition 
e Data transfer byte transmitted/received 


Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 
enabled, the software needs to differentiate the source(s) 
of the interrupt. 


11.3.3 Multi-master Mode 


In multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P)and 
START (S) bits are cleared from a reset or when the SSP 
module is disabled. Control of the I?C bus may be taken 
when the P bit is set, or the bus is idle and both the S and 
P bits are cleared. When the bus is busy, enabling the 
SSP Interrupt will generate the interrupt when the stop 
condition occurs. 


In multi-master operation, the SDA line must be moni- 
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and SCL 
lines (set TRISC<4:3>). There are two stages where this 
arbitration can be lost, these are: 


e Address Transfer 
e Data Transfer 


When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans- 
fer stage, the device may be being addressed. If ad- 
dressed an ACK pulse will be generated. If arbitration 
was lost during the data transfer stage, the device will 
need to re-transfer the data at a later time. 


TABLE 11-4: REGISTERS ASSOCIATED WITH PC OPERATION 















Legend — = Unimplemented locations, Read as '0' 


Note: Shaded boxes are not used by the SSP module in I?C mode. 






SSPADD Synchronous Serial Port (I7?C mode) Address Register 
SSPCON WCOL SSPOV | SSPEN 


[13 SSPOUF _Synotvonous Serial Por Receive Buferenami Regier 
a 

era 

[«[ssesrar | — | — | om | 


| cp | sspms | sspmz | sspmi | ssPMo_| 
ee eee 








DS30337A-page 58 


Preliminary 


© 1994 Microchip Technology Inc. 


PIC16C74 





FIGURE 11-20: OPERATION OF THE PC MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE 


IDLE_MODE (7-bit): 
if (Addr_match) { Set interrupt; 
if (RAW =1) {Send ACK =0; 
set XMIT_MODE; 


} 
else if (R/W = 0) set RCV_MODE; 


RCV_MODE: 

if (SSPBUF=Full) OR (SSPOV = 1)) 
{Set SSPOV; 
Do not acknowledge; 
} 

else {transfer SSPSR — SSPBUF; 
send ACK =0; 





} 
Receive 8-bits in SSPSR; 
Set interrupt; 


XMIT_MODE: 

While ((SSPBUF = Empty) AND (CKP=0)) Hold SCL Low; 
Send byte; 

Set interrupt; 

if (ACK Received = 1) {End of transmission; 


Go back to IDLE_MODE; 


} 
else if (ACK Received=0) Go back to XMIT_MODE; 


IDLE_MODE (10-Bit): 
If (High_byte_addr_match AND (R/W = 0)) 
{ PRIOR_ADDR_MATCH = FALSE; 
Set interrupt; 
if (SSPBUF = Full) OR ((SSPOV = 1)) 
{ Set SSPOV; 
Do not acknowledge; 
} 
else { Set VA=1; 
Send ACK = 0; 
While (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 
Receive Low_addr_byte; 
Set interrupt; 
Set UA = 1; 
If (Low_byte_addr_match) 
{ PRIOR_ADDR_MATCH = TRUE; 


Send ACK =0; 

while (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 

Set RCV_MODE; 


} 
} 
} — 
else if (High_byte_addr_match AND (R/W = 1) 
{ if (PRIOR_ADDR_MATCH) 
{ send ACK =0; 
set XMIT_MODE; 
} 
else PRIOR_ADDR_MATCH = FALSE; 


} 
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12.0 SERIAL COMMUNICATION 
_ INTERFACE (SCI) MODULE 


The Serial Communication Interface (SCI) module is one 
of the two serial I/O modules. The SCI can be configured 
as a full duplex asynchronous system that can commu- 
nicate with peripheral devices such as CRT terminals 
and personal computers, or it can be configured as a half 
duplex synchronous system that can communicate with 
peripheral devices such as A/D or D/A integrated cir- 
cuits, Serial EEPROMs etc. The SCI can be configured 
in the following modes: 


e Asynchronous (full duplex) 
e¢ Synchronous - Master (half duplex) 
‘© Synchronous - Slave (half duplex) 


The SPEN (RCSTA<7>) bit has to be set in order to 
configure RC6 and RC7 as the Serial Communication 
Interface. 


FIGURE 12-1: TXSTA: TRANSMIT STATUS AND CONTOL REGISTER 


R= = Read only bit 
pascal a _| RW = Readable and writable bit 
; U = Unused, reads as 0 


TXD8: 9th bit of transmit data, can be the 
calculated parity 










R/W R/W R/W R/W U R/W R RAW 
bit O 











TRMT: Transmit shift register (TSR) empty 
1 = TSR empty 
0 = TSR full 








BRGH: High baud rate select bit 
Asynchronous mode: 






1 
0 






Unused 






Unimplemented. 
Reads as 'O'. 












SYNC: SCI mode 
(Synchronous/Asynchronous) 
1 = Synchronous mode 

0 = Asynchronous mode 








TXEN: Transmit Enable bit 
1 = Transmit enabled 
0 = Transmit disabled 
SREN/CREN overrides TXEN in SYNC mode 







TX8/9: Transmit Data Length bit 
1 = Selects 9-bit transmission 
0 = Selects 8-bit transmission 







CSRC: Clock Source Select bit 





Synchronous mode: 

1 = Master Mode (Clock generated internally 
from BRG) 

0 = Slave mode (Clock from external source) 





Don't care. 
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FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTOL REGISTER 


R/W R/V R/W R/W U R R R 
| spen | ace | sren | cren | — | FerR | oeR | AcDe | |FegisterROSTA|R = Read only bi 
Addr: 18h R/W = Readabie and writable bit 
bit 0 U = Unused, reads as 0 


RCD8: 9th bit of receive data, can be parity bit 








OERR: Overrun Error bit. 
1 = Overrun. Reset by clearing CREN 
O = No overrun error 






FERR: Framing Error bit. 
1 = Framing error 
0 = No framing error 






Unimplemented. 
Reads as ‘0’. 






CREN: Continuous Receive Enable bit 





1 = Enables reception 
0 = Disables reception 






1 = Enables continuous reception until CREN is 
cleared CREN overrides SREN. 
0 = Disables continuous reception? 





SREN: Single Receive Enable bit. 





1 = Enable reception. 

0 = Disables reception? 

Note: This bit is ignored in synchronous slave 
reception. 

SREN is cleared after reception is complete. 








Don't care 






RC8/9: Receive Data Length bit 
1= Selects 9-bit reception. 
O= Selects 8-bit reception. 











SPEN: Serial Port Enable bit 

1 = Configures RA4/RX/DT and RAS/TX/CK pins as 
serial port pins. 

0 = Serial port disabled. 








12.1 SCI BAUD RATE GENERATOR (BRG) 


The BRG supports both the Asynchronous and Syn- Given the desired baud rate, and Fosc, the nearest 
chronous modes of the SCI. It is a dedicated 8-bit baud integer value between 0 and 255 can be calculated using 
rate generator. The SPBRG register controls the period the formula below. The error in baud rate can then be 
of a free running 8-bit timer. In asynchronous mode the determined. 


BRGH (TXSTA<2>) also controls the baud rate. In 
synchronous mode BRGH is ignored. Table 12-1 shows 
the formula for computation of the baud rate for different 
SCI modes. 


TABLE 12-1: BAUD RATE FORMULA 


Baud Rate=Fosc/64(X+1) Baud Rate=Fosc/16(X+1) 





Baud Rate = Fosc/4(X+1) | NA 
X = value in SPBRG (0 to 255) 
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Example 12-1 shows the calcualtion of the baud rate 
error for the following conditions: 

Fosc = 16 MHz 

Desired Baud Rate = 9600 

BRGH = 0 

SYNC =0 


EXAMPLE 12-1: CALCULATING BAUD RATE 
| ERROR 


Desired Baud rate = Fosc / (64 (X + 1)) 


9600 = 16000000 / 64 (X + 1) 
X = 25.042 =25 
New Baud Rate = 16000000 / (64 (25 + 1)) 
= 9615 
Desired Baud Rate 
= (9615 - 9600) / 9600 
= 0.16% 


It may be advantageous to use the high baud rate 


(BRGH = 1) even for slower baud clocks. This is 
because the FOSC/4(x + 1) equation can reduce the 
baud rate error in some cases. : 


Writing a new value to the SPREG, causes the BRG 
timer to be reset (or cleared), this guarantees that the 
BRG does not wait for a timer overflow before outputting 
the new baud rate. 


TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 


fosc = 2OMHZ SPBRG 16MHZ 
value 


KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


fosc = 5.0688MHZ SPBRG | 3.579545MHZ 
value 


KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


10MHZ SPBRG | 7.15909MHZ SPBRG 
value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


1MHZ SPBRG | 32.768KHZ SPBRG 
value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 
1 0.303 +1.14 
-2.48 
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TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=0) 


fosc = 2OMHZ SPBRG | 16MHZ SPBRG{ 10MHZ SPBRG| 7.15909MHZ SPBRG 
value value value 
KBAUD %ERROR (decimal)} KBAUD %ERROR (decimal)| KBAUD %ERROR (decimal)| KBAUD %ERROR (decimal 


fosc = 5.0688MHZ SPBRG | 3.579545MHZ SPBRG 1MHZ SPBRG | 32.768KHZ SPBRG 
value value value value 

KBAUD %ERROR (decimal); KBAUD %ERROR (decimal)}}) KBAUD %ERROR (decimal)) KBAUD %ERROR (decimal) 

0.256 -14.67 

NA - 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.512 


SPBRG SPBRG 10MHZ SPBRG 7.16MHZ SPBRG 

value value value value 

KBAUD %ERROR (decimal) %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 
9520.07 


fosc = 5.068MHZ SPBRG | 3.579MHZ SPBRG SPBRG | 32.768KHZ SPBRG 
value value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


9727.02 8928.57 6.99 
18643.46 20833.33 +8.51 
37286.93 31250 -18.61 
55930.39 62500 +8.51 
111860.8 ; NA : 
223721.6 NA - 

NA NA - 
NA NA - 
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12.1.1 SAMPLING 


The data on the RX pin is sampled three times by a is set (i.e., at the high baud rates), the sampling is done 
majority detect circuit to determine if a 1- or a O-level is — on the 3 clocks preceding the second rising edge after 
present at the RX pin. If BRGH is clear (i.e., at the low the first falling edge of a 4x clock (see Figures 
baud rates), the sampling is done on the seventh, eighth 12-4 and 12-5). 


and ninth edge of a 16x clock (see Figure 12-2). lf BRGH 


FIGURE 12.3 - RX PIN SAMPLING SCHEME (BRGH=0) 


7 : START BIT 
RX pin BIT O 


Ae Sites pe ee eee ey ge I ee aa “~~ — Baudclk for all but start bit 















baud clk 


me oO ep a 


1112 #13 14 15 46 1 2 
















Samples 


FIGURE 12.4 - RX PIN SAMPLING SCHEME (BRGH=1) 
RX pin 
START BIT 


baud clk . 
First falling edge after RX pin goes low 
Second rising edge 


4x clk 


Q2, Q4clk —_ 


Samples Samples Samples 


RX pin 
START BIT ara 


'<¢— Baudclk for ail but start bit 


baud clk 
First falling edge after RX pin goes low 
Second rising edge 

4x clk é 


Q2, Q4 clk 


ttt 


Samples 
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12.2 SCl Asynchronous Mode 


In this mode, the SCI used standard nonreturn-to-zero 
(NRZ) format (one start bit, eight or nine data bits and one 
stop bit). The most common data format is 8-bits. An on- 
chip dedicated 8-bit baud rate generator can be used to 
derive standard baud rate frequencies from the oscilla- 
tor. The SCI’s transmitter and receiver are functionally 
independent but use the same data format and baud 
rate. The baud rate generator produces a clock either 
16x or 64x of the bit shift rate, depending on the BRGH 
(TXSTA<2>) bit. Parity is not supported by the hardware, 
but can be implemented in software (and stored as the 
ninth data bit). Asynchronous mode is stopped during 
SLEEP. 


The asynchronous mode is selected by resetting the 
SYNC bit (TXSTA<4>). 


The SCI Asynchronous module consists of the following 
important elements: 


e Baud Rate Generator 

e Sampling Circuit 

e Asynchronous Transmitter 
e Asynchronous Receiver 


12.2.2 SCL ASYNCHRONOUS TRANSMITTER 


The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer (TXREG). The 
TXREG is loaded with data in software. The TSR is not 
loaded until the stop bit has been transmitted from the 
previous load. As soon as the stop bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail- 
able). Once the TXREG transfers the data to the 





TSR(occurs in one Tcy), the TXREG is empty and a 
interrupt bit, TXIF (PIR1<4>) is set. This interrupt can be 
enabled or disabled by the TXIE bit ( PIE1<4>). TXIF 
will be set regardless of TXIE and cannot be reset in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicated the status of the 
TXREG, another bit TRMT(TXSTA<1>) shows the sta- 
tus of the TSR. TRMT is a read only bit which is set when 
the TSR is empty. No interrupt logic is tied to this bit, so 
the user has to poll this bit in order to determine if the 
TSR is empty. 






TORR AREER RINT OHS ore 
i RY SA 
2: 


Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data and the 
baud rate generator (BRG) has produced a shift clock 
(Figure 12-6). The transmission can also be started by 
first loading the TXREG and then setting TXEN. Nor- 
mally when transmission is first started, the TSR is 
empty, so a transfer to TXREG will result in an immedi- 
ate transfer to TSR resulting in an empty TXREG. A 
back-to-back transfer is thus possible (Figure 12-8). 
Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will reset the transmitter 
as a result the TX pin will revert to hi-impedance. 


In order to select 9-bit transmission, the TX8/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to the TXD8(TXSTA<0>). The ninth bit must 
be written before writing the 8-bit data to the TXREG. 
This is because a data write to the TXREG can result in 
an immediate transfer of the data to the TSR (ifthe TSR 
is empty). In such a case, an incorrect ninth data bit 
maybe loaded in the TSR. 


FIGURE 12-6: BLOCK DIAGRAM FOR SCI TRANSMIT 


-! 


BAUD RATE GENERATOR 
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Steps to follow when setting up a Asynchronous Trans- 
mission: . 


FIGURE 12-7: ASYNCHRONOUS MASTER TRANSMISSION 


Initialize the SPBRG register for the appropriate 
baud rate. If a high speed baud rate is desired, 
set BRGH to 1. See Section 12.1 for details. 


Enable the asynchronous serial port by conhgur 
ing the bits SYNC = 0 and SPEN = 1. 


Make sure CREN=SRENZ=0 (these bits override 
transmission when set to 1). 


If interrupts are desired, then the TXIE bit should 
be set. 


Write to TXREG 


BRG output 
(shift clock) 


TBMT bit 


(Transmit buffer 
reg. empty flag) 


WORD 1 —> 
TRMT bit Transmit Shift Reg 


(Transmit shift 


reg. empty flag) 





If 9-bit transmission is desired, then TX8/9 bit 
should be set. 


Enable the transmission by setting TXEN. 


If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 


Load data to the TXREG (starts transmission). 


-————— 
gece: ik aie 


1X (pi 
= Sa wore (sie 7 STOP BT 


(2 ADM 


FIGURE 12-8: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK) 


Write to TXREG J Lf Lf 
BRG output cacti: Mipgieent, niccoaetempaan 


(shift clock) 


ee 


TBMT bit 


(interrupt reg. 


flag) 


; WORD 1 —> 
TRMT bit Transmit Shift Reg 


(Transmit shift 


empty flag) 


Note: This timing diagram shows two consecutive transmissions 





C Bt78 / 7/8 STOP BIT START BIT 
>} WORD 2 


a 


WORD 2- 
Transmit Shift Reg 


reg. | ¢ 


TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION: 








er ee 


Toco [rn ‘(ESB 
Tote [Resta | SPEN 
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Toec [res 
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12.2.2 SCl ASYNCHRONOUS RECEIVER 


The receiver block diagram is shown in Figure 12-9. The 
data comes in the RX pin and drives the data recovery 
block. The data recovery block is actually a high speed 
shifter operating at 16 times the baud rate, whereas the 
main receive serial shifter operates at the bit rate or at 
Fosc. 


Once the asynchronous mode is selected, reception is 
enabled by setting the CREN(RCSTA<4> to 1. 


The heart of the receiver is the receive (serial) shift 
register (RSR). After sampling the stop bit, the received 
data in the RSR is transferred to the RCREG (if it is 
empty). If the transfer is complete, the interrupt bit RCIF 
(PIR1<5>) is set. The actual interrupt can be enabled or 
disabled by the RCIE(PIE1<5>) bit. The RCIF is a read 
only bit which is reset by the hardware. In this case it is 
cleared when the RCREG has been read and is empty. 


FIGURE 12-9: BLOCK DIAGRAM FOR SCI RECEIVE 


64X/16X BAUD RATE CLK 


FIGURE 12-10: ASYNCHRONOUS RECEPTION 
[Xa 7 area \ sea 
Rev baller reg S$ jE —________(¢_____] | _____{¢____1____ naeee 





a 






WORD 1 
'RCREG 


causing the OERR (overrun) bit to set. 


Read Acv ' 
i 
(RCSTA) 

t 
RBFL bk ‘ : 
(interrupt flag) 


Note: This timing diagram shows three words appear on RX input. The RCREG (Receive buffer) is read after the third word, therefore 


The RCREG is a double buffered register, i.e. itis a two 
deep FIFO. It is possible for two bytes of data to be 
received and transferred to the RCREG FIFO anda third 
byte begin shifting to the RSR. On the detection of the 
stop bit of the third byte, if the RCREG is still full then the 
overrun error bit, OERR (RCSTA<1>) will be set. The 
word in the RSR will be lost. The RCREG can be read 
twice to retrieve the two bytes in the FIFO. The OERR 
bit has to be cleared in software and this is done by 
resetting the receive logic (CREN is set). If the OERR is 
set, transfers from the RSR to the RCREG are inhibited, 
so it is essential to OERR is set. The framing error bit 
FERR(RCSTA<2>) is set if a stop bit is detected as a 0. 
The FERR and the 9th receive bit are buffered the same 
way as the receive data. Reading the RCREG, will load 
the RCD8 and the FERR with new values, therefore it is 
essential for the user to read the RCSTA register before 
reading RCREG in order not to lose the old FERR and 
RCD8 information. 






DATA BUS 













' 
4 
t 
WORD 1 ' 
' 
t 
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Steps to follow when setting up a Asynchronous Recep- 


tion: 


Initialize the SPBRG register for the appropriate 
baud rate. If a high speed baud rate is desired, 
set BRGH. See Section 12.1 for details. 


_ Enable the asynchronous serial port by configur- 
ing the SYNC =0 and SPEN = 1. 


If interrupts are desired, then the RXIE bit should 
be set. 


If 9-bit reception is desired, then RX8/9-bit should 
be set. 


Enable the reception by setting CREN. 


The RCIF bit will be set when reception is com- 


plete and an interrupt will be generated if the 


RCIE bit were set. 


Read the RCSTA to get the ninth bit(if enabled) 
and determine if any error occurred during re- 
ception. 


Read the 8-bit received data by reading the 
RCREG. 


If any error occurred, clear the error by clearing 
CREN. 


TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 


owe [res 





| 0x99 «| SPBRG Baud Rate Register 
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12.3 SCI Synchronous Master Mode 


In Master Synchronous mode the data is transmitted in 
a half-duplex manner i.e. transmission and reception do 
not occur at the same time, when transmitting data, the 
reception is inhibited and visa versa. The synchronous 
mode is entered by setting the SYNC(TXSTA<4>) bit. In 
addition the SPEN(RCSTA<7>) bit is set in order to 
configure the RC6 and RC7 I/O ports to CK(clock) and 
DT(data) lines respectively. The Master mode indicates 
that the processor transmits the master clock on the CK 
line. The Master mode is entered by setting the 
CSRC(TXSTA<7>) bit. 


12.3.1. SCI SYNCHRONOUS MASTER 
TRANSMISSION 


The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer TXREG. The 
TXREG is loaded with data in software. The TSR is not 
loaded until the last bit has been transmitted from the 
previous load. As soon as the last bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail- 
able). Once the TXREG transfers the data to the 
TSR(occurs in one Tcycle), the TXREG is empty anda 
interrupt bit, TXIF (PIR1<4>) is set. This interrupt can be 
enabled or disabled by the TXIE bit (PIE1<4>). TXIF will 
be set regardless of TXIE and cannot be cleared in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicated the status of the 
TXREG, another bit TRMT(TXSTA<1>) shows the sta- 
tus of the TSR. TRMT is a read only bit which is set when 
the TSR is empty. No interrupt logic is tied to this bit, so 
the user has to poll this bit in order to determine if the 
TSR is empty. The TSR is not mapped in data memory 
so it is not available to the user. 


Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data. The first 
data bit will be shifted out on the next available rising 
edge of the clock on CK. Data out is stable around the 
falling edge of the synchronous clock (Figure 12-1). The 
transmission can also be started by first loading the 
TXREG and then setting TXEN. This is advantageous 
when slow baud rates are selected, since the BRG is 
keptin reset when TXEN=CREN=SREN = 0. Setting the 
TXEN bit will start the BRG, creating a shift clock 
immediately. Normally when transmission is first started, 
the TSR is empty, so a transfer to TXREG will result in 
an immediate transfer to TSR resulting in an empty 
TXREG. Back-to-back transfers are possible. 


Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will reset the transmitter. 
The DT and CK pins will revert to hi-impedance. If either 
CREN or SREN are set, during a transmission, the 
transmission is aborted and the DT pin reverts to a hi- 
impedance state (fora reception). The CK pin will remain 
an output if CSRC=1(internal clock). The transmitter 
logic however is not reset although it is disconnected 
from the pins. In order to reset the transmitter, the user 
has to clear TXEN. If the SREN bit is set (to interrupt an 
on going transmission and receive a single word), then 
after the single word is received, the SREN will = 0 and 
the serial port will revert back to transmitting since the 
TXEN bit is still set. The DT line will immediately switch 
from hi-impedance receive mode to transmit and start 
driving. To avoid this, TXEN should be cleared. 
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In order to select 9-bit transmission, the TX8/9 Steps to follow when setting up a Synchronous Master 
(TXSTA<6>) bit should be set and the ninth bit should be Transmission: 

written to the TXD8(TXSTA<0>). The ninth bit must be ° Initialize the SPBR | 
written before writing the 8-bit data to the TXREG. This 7 Sena abi le Lapel Me oo 


is because a data write to the TXREG can result in an 
immediate transfer of the data to the TSR (if the TSR is 
empty). If the TSR was empty and the TXREG was 


e Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 


written before writing the "new" TXD8, the "present" — CSRC=1. : 
value of TXD8 is loaded. | ¢ {finterrupts are desired, then the TXIE bit should 
| be set. 


e lf 9-bit transmission is desired, then TX8/9-bit 
should be set. 


e Enable the transmission by setting TXEN to 1. 


¢ If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 


e Starttransmission by loading data to the TXREG. 


TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION: 


| osc [per 
| ox99 = =|SPBRG Baud Rate Register 


ai |22|<9| a4 at |22|2s|a/ar |22|<3|a4' a |22|<3| 04 fn |=2|as| «| |23|0« lay |a2|as|a4!ar | 223! ai |22} 28 | as! ai |22} 20 | a4] at |22|a3| a6! an |>2|<3| 06! 
| | | | | | 


Write to 
TXREG 


TBMT 
(Interrupt flag) 


Note: Sync master mode; BRG = 0. Continuous transmission of two 8 bit words 





FIGURE 12-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN) 
DT pin (_Bito X_Bitt XBit2\\  X__Bit6 X_Bit7 


ed a 


Write to | 


TXREG ) SS ee 


TBMT bit 4 a ———_—_,-_--——- 
| 
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12.3.2 SCI SYNCHRONOUS MASTER RECEPTION 


Once the synchronous mode is selected, reception is 
enabled by setting either the SREN(RCSTA<5>) bit or 
the CREN(RCSTA<4>). Data is sampled on the DT pin 
on the falling edge of the clock. If SREN is set, then only 
a single word is received, if CREN is set, the reception 
is continuous until CREN is reset. If both the bit are set 
then CREN takes precedence. After clocking the last bit, 
the received data in the Receive Shift Register(RSR) is 
transferred to the RCREG (if it is empty). If the transfer 
is complete, the interrupt bit RCIF (PIR1<5>) is set. The 
actual interrupt can be enabled or disabled by the 
RCIE(PIE1<5>) bit. The RCIF is a read only bit which is 
reset by the hardware. In this case it is reset when the 
RCREG has been read and is empty. The RCREG is a 
double buffered register, i.e. it is a two deep FIFO. It is 
possible for two bytes of data to be received and trans- 
ferred to the RCREG FIFO anda third byte begin shifting 
to the RSR. On the clocking of the last bit of the third 
byte, if the RCREG is still full then the overrun error bit, 
OERR (RCSTA<1>) is set. The word in the RSR will be 
lost. The RCREG can be read twice to retrieve the two 
bytes in the FIFO. The OERR bit has to be cleared in 
software and this is done by clearing CREN. If the OERR 
is set, transfers from the RSR to the RCREG are 
inhibited, so it is essential to clear the OERR if set. The 
9th receive bit is buffered the same way as the receive 
data. Reading the RCREG, will load the RCD8 with a 


new value, therefore it is essential for the user to read the 
RCSTA register before reading RCREG in order not to 
lose the old RCD8 information. 


Steps to follow when setting up a Synchronous Master 
Reception: 


e Initialize the SPBRG register for the appropriate 
baud rate. See section 12.1 for details. 

e Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 

e Ifinterrupts are desired, then the RXIE bit should 
be set. 

e If9-bitreception is desired, then RX8/9-bit should 
be set. 

e If asingle reception is required, set SREN. For 
continuous reception set CREN. 

e The RCIF bit will be set when reception is com- 
plete and an interrupt will be generated if the 
RCIE bit were set. 

e Read the RCSTA to get the ninth bit(if enabled) 
and determine if any error occurred during re- 
ception. 

e Read the 8-bit received data by reading the 
RCREG. 

e If any error occurred, clear the error by clearing 
CREN. 


TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION: | 











Poo [emt 


Tone 









| 0x99 | SPBRG Baud Rate Register 


FIGURE 12-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 


a2 3] a! a1| a2] as| a4! a1|a2|a3| a4! a1| ae] aa] a4!1| a2| as| a4! an a2] as| ad a1| a2| as| ad! an a2| as| ad a1 a2| as| ad a1 a2| a3| a4! a1] a2| as| a4! 
| | | | | | | | | 


| 


| | | | | | { | i | | 

DT pin C1 Bto X<_) Biti XM 1 Bt2 >< | Bits >< | Bits XK | BES OX | Bit6 D> Bit 7 | 
i 

CK pin | | | | | | | | | | | 
| 


{ | | 

i | | 

| | | 

Write to | | | 
SREN bit 

| | { 

| | 


—_— $$ $$ er 


SREN bit ——J | t t 7 | 


| | 
CREN bit —o : : 7 
| | 


RBFL bit 
(interrupt) 


Read 
RXREG 


| | | | | 

| | | | | ‘O' 
| | | | | 

| | | | 


Note: Timing diagram demonstrates SYNC master mode with SREN = 1 and BRG = 0. 
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12.4 SCI Synchronous Slave Mode 


The synchronous slave mode differs from the master 
mode in the fact that the shift clock is supplied externally 
at the CK pin (instead of being supplied internally in the 
master mode). This allows the device to transfer or 
receive data in the SLEEP mode. The slave mode is 
entered by clearing the CSRC(TXSTA<7>) bit. 


12.4.1 SCL SYNCHRONOUS SLAVE TRANSMIT 


The operation of the sync master and slave modes are 
identical except in the case of the SLEEP mode. 


If two words are written to the TXREG and then the 
SLEEP instruction executed, the following will occur. 
The first word will immediately transfer to the TSR and 
transmit. The second word will remain in TXREG. The 
TXIF will not be set. When the first word has been shifted 
out of TSR, the TXREG will transfer the second word to 
the TSR and the TXIF flag will now be set. If the TXIE is 
enabled, the interrupt will wake the chip from SLEEP and 
if the global interrupt is enabled, then the program will 
branch to the interrupt vector (0004h). 


Steps to follow when setting up a Synchronous Slave 
Transmission: 


¢ Enable the synchronous slave serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

e Make CREN = 0 

¢ Ifinterrupts are desired, then the TXIE bit should 
be set. | | 

e If 9-bit transmission is desired, then TX8/9-bit 
should be set. 

e Enable the transmission by setting TXEN to 1. 

e If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

e Starttransmission by loading data to the TXREG. 


12.4.2 SCI SYNCHRONOUS SLAVE RECEPTION | 


The operation of the synchronous master and slave 
modes is identical except in the case of the SLEEP 
mode. Also, SREN is a don't care in slave mode. 


If receive is enabled (CREN) prior to the SLEEP instruc- 
tion, then a word may be received during SLEEP. On 
completely receiving the word, the RSR will transfer the 
data to the RCREG andifthe RCIE bitis set, the interrupt 
generated will wake the chip from SLEEP. If the global 
interrupt is enabled, the program will branch to the 
interrupt vector (0004h). 


Steps to follow when setting up a Synchronous Slave 
Reception: 


e Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

e Ifinterrupts are desired, then the RCIE bit should 
be set. 

e If9-bitreception is desired, then RX8/9-bit should 
be set. 

e To enable reception, set CREN = 1. 

e The RCIF bit will be set when reception is com- 
plete and an interrupt will be generated if the 
RCIE bit were set. | 

e Read the RCSTA to get the ninth bit(if enabled) 
and determine if any error occurred during re- 
ception. 

e Read the 8-bit received data by reading the 
RCREG. 

e If any error occurred, clear the error by clearing 
CREN. 


TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION 


mec [Pen 


0x98 | TXSTA csRc | 1x89 | TXEN | SYNC . 
| oxas | TxSTA|_csrc | Txe9 | TxEN | SYNC | — |) 





| 0x99 SPBRG Baud Rate Register 





| 0x99 | SPBRG Baud Rate Register | | 
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13.0 ANALOG TO DIGITAL 
CONVERTER MODULE (A/D) 


Analog-to-Digital Converter (A/D) 
Module 


The analog-to-digital converter (A/D) allows conversion 
of an analog input signal to a corresponding 8-bit digital 
number. The A/D module has eight analog inputs, which 
are multiplexed into one sample and hold. The output of 
the sample and holdis the input into the converter, which 
generates the result via successive approximation. The 
analog reference voltage is software selectable to either 
the device’s positive supply voltage (V,,,) or the voltage 
level on the RA3/AN3/VREF pin. The A/D converter has 
a unique feature of being able to operate while the 
device is in SLEEP mode. 


The A/D module has three registers. These registers 
are: 


e A/D result register (ADRES) 
e A/D control register 0 (ADCONO) 
¢ A/D control register 1 (ADCON1) 


The ADCONO register, shown in Figure 13-1, controls 
the operation of the A/D module. The ADCONT1 register, 
shown in Figure 13-2, configures the functions of the port 
pins. The port pins can be configured as analog inputs 
(RA3 can also be a voltage reference) or as digital !/O. 


FIGURE 13-1: A/D CONTROL REGISTER 0 (ADCONO) 


- RW R/W R/W R/W R/W R/W U RAW 
ADCS1| ADCSO | CHS2| CHS1 | CHSO | GO/DONE Las ADON Address: 1Fh | R/W: Readable & 
Reset value: OOh writable 


} 
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bitO : Read only 
: Unused, 
reads as'0' 


ADON: A/D on bit 

1= A/Dconverter module is operating. 

O= A/D converter module is shut off and 
consumes no operating current. 


Reserved. 


GO/DONE: A/D conversion status bit. 

If ADON = 1 

1= A/D conversion is progress. Setting this 
bit starts an A/D conversion. 

O0= A/D conversion not in progress / 
completed. This bit is automatically 
cleared by hardware when the A/D 
conversion is completed. 

lf ADON = 0 

This bit is forced to zero. 


CHS <2:0>: Analog channel select. 
000 = channelO  (RAO/AINO) 
001 = channel 1 (RA1/AIN1) 
010= channel2 (RA2/AIN2) 
011 = channel3 (RA3/AIN3) 
000 = channel4 (RAS/AIN4) 
001 = channel5 (REO/AINS) 
010= channel6 (RE1/AIN6) 
111= channel 7 (RE2/AIN7) 


ADCS<1:0>: A/D conversion clock select. 
00 = fosce/2 

01 = fosc/8 

10 = fosc/32 
11 =fpc (clockis derived from an RC oscillator 
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FIGURE 13-2: A/D CONTROL REGISTER 1 (ADCON1) 


Address: 9Fh | R/W:. Readable & 

Reset value: OOh writable 
Read only 
Unused, 
reads as'0' 


PCFG<2:0>: A/D port configuration bits. 
These bits configure the analog port pins to 
the various modes of operation. 


A = Analog input 
D = Digital input/output depending on corresponding TRIS bit 
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The ADRES register contains the result of the A/D 
conversion. When the A/D conversion is completed, the 
result is loaded into the ADRES, the GO/DONE bit 
(ADCONO<2>) is cleared, and the A/D interrupt flag 
(ADIF) is set. The block diagram. of the A/D module is 
shown in Figure 13-3. 


After the A/D module has been configured as desired, 
the selected channel must be sampled before the con- 
version is started. The analog input channels must have 
their corresponding TRIS bits selected as an input. The 
A/D bit sample time is defined as T,,. To determine 
sample time see Section 13.1. After this sample time has 
elapsed the A/D conversion can be started. The follow- 
ing steps should be followed for doing an A/D conver- 
sion: 


FIGURE 13-3: A/D BLOCK DIAGRAM 


(Input voltage) 


A/D 
Converter 


(Reference 
voltage) 


aati 


PCFG<2:0> 
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ts 


Preliminary 


Configure the A/D module 


e Configure analog pins / voltage reference / 
and digital /O (ADCON1<2:0>) 


e Select A/D input channel (ADCONO<5:3>) 
e Select A/D conversion clock (ADCON<7:6>) 
e Turn on A/D module (ADCON<0>) 
Configure A/D interrupt (if required) 
e Clear ADIF bit (PIR1<6>) 
¢ Set ADIE bit (PIE1<6>) 
e Set GIE bit (INTCON<7> 
Ensure required sampling time 
Start conversion 
¢ Set GO/DONE bit (ADCONO<2>) 
Wait for A/D conversion to complete, by either: 
e Polling for the GO/DONE bit to be cleared 
° Waiting for the A/D interrupt 


Read A/D Result register (ADRES), clear ADIF if 
required. 





For next conversion, go to step 1 or step 2 as 
required. A minimum wait of 2T,, is required before 
next sampling starts. 


010 | 
~o+—_$_X] RA2/AIN2 


RA3/AIN3/VREF 


RAS/AIN4 


Input channel mux 
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13.1 Sampling Requirements 

For the A/D converter to meet its specified accuracy, the 
charge holding capacitor (C,_,,.) must be allowed to fully 
charge to the input channel voltage level. The analog 
input model is shown in Figure 13-4. The source imped- 
ance (R,) and the internal sampling switch (R,,) 
impedence directly affect the time required to charge the 
capacitor C,.. The sampling switch (R,,) impedence 
varies over the device voltage (Vdd), see Figure 13-4. 
The maximum recommended impedance for analog 
sources is 10-KQ. After the analog input channel is 
selected (changed) this sampling time must be done 
before the conversion is started. 





To calculate the minimum sampling time, Equation 
13-1 may be used. This equation assumes that 1/2 Isb 


error is used (512 steps for the A/D). The 1/2 Isb error EXAMPLE 13-1: CALCULATING THE 
is the maximum error allowed for the A/D to meet its MINIMUM REQUIRED 
specified resolution. SAMPLE TIME 
EQUATION 13-1: A/D SAMPLING TIME Sampling Time = Amplifier Settling Time 
EQUATION + Holding Capacitor Charging Time 
v= -V__/512) © (1 -@ CUChus (Ric +Reg + Rg) + Temperature Coefficient ¢ 
NN a a ) = 5us+t+ [(Temp - 25°C) 
or (0.05ys/°C)]t 
t = -51.2 pF (2-KQ + R,) In (1/511) t= Crag (Ric + Reg + Re) In (1/511) 
— -51.2 pF (8-KQ + 10-KQ) In (0.0020) 
Example 13-1 shows the calculation of the minimum -51.2 pF (18-KQ) In (-0.0020) 
required sample time. This calculation is based on the -0.92 11 (-6.2364) 
following system assumptions: 5.724us 
R, = 10-KQ Sampling Time = 5ys + 5.724ys + [(50°C - 25°C) 
1/2 LSB error (0.05p1s / °C)] 
Vdd = 5-V => Rss = 7-KQ = 10.724us + 1.25us 
Temp (system Max.) = 50°C = 11.974us 
t The temperature coefficient is only required for 
FIGURE 13.4: ANALOG INPUT MODEL perenne ye 


Sampling 
Switch 
Peg 1K 


Chold 
= DAC capacitance 
+500nA 51.2 pF 


Vss 


Cpin input capacitance 

VT threshold voltage 

Ileakage = leakage current at the pin due to various junctions 
Ric interconnect resistance 

SS sampling switch 

Chold = sample/hold capacitance (from DAC) 


5 67891011 
Coolie +Fes + R,) | ee Switch 
V6") | 
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13.2 Selecting the Conversion Clock 13.3 Configuring Analog Port Pins 
The A/D conversion requires 10 T,,. The source of the The use of the ADCON1, TRISA, and TRISE registers 
A/D conversion clock is software selected. The four control the operation of the A/D port pins. The port pins 
possible options for T,, are: that are desired as analog inputs must have their corre- 
e OT sponding TRIS bit set (input). If the TRIS bit is cleared 
oe (output), the digital output level (VOH or VoL) will be the 
* 8 Tose converted. 
*: 32.73. 


The A/D operation is independent of the state of the 
Internal RC oscillator CS<2:0> bits and the TRIS bits. 

For correct A/D conversions, the A/D conversion clock 
(T,,) must be selected to ensure a minimum T, , time of 
1.6 us. Table 13-1 shows the resultant T, , times derived 
from the device operating frequencies and the A/D clock 
source selected. 





TABLE 13-1: T,,, VS. DEVICE OPERATING FREQUENCIES 


AD Clock Source (T, ,) Device Frequency 
ADCS1:ADCSO0O 5MHz 1.25 MHz 333.33 KHz 





* The RC source has a typical T,, time of 4 us. 


§ These values violate the minimum required T,, time. 


4 For faster conversion times, the selection of another clock source is recommended. 
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13.4 A/D Conversions 


Example 13-2 shows how to perform an A/D conversion. 
The RAO, RA1, and RAS pins are configured as analog 
inputs. The analog reference (V,,,) is the device V,,.. 
The RA2, RAS, RE<2:0> pins are configured as digital 
I/O. The A/D interrupt is enabled, and the A/D conver- 
sion clock is T,,.. The conversion is performed on the 
RAO channel. 


EXAMPLE 13-2: DOING AN A/D 


CONVERSION 
BSF STATUS, RPO ; Select Page 1 
MOVLW 0x04 ; Configure A/D Inputs 
MOVWEF ADCON1 ; 
BSF PIE1, ADIE ; Enable A/D interrupts 
BCF STATUS, RPO ; Select Page 0 


MOVLW OxC1 ; RC clock, A/D is on, 


; Ch 0 is selected 
MOVWF ADCONO . 


. 


- 


BCF PIR1, ADIF ; Clear A/D Int Flag 
BSF INTCON, PEIE ; Enable Peripheral 

; Interrupts 
BSF INTCON, GIE ; Enable All Interrupts 


; Ensure that the required sampling time for the 
; selected input channel has lasped. Then the 
; Conversion may be started. 


BSF ADCONO, GO :; Start A/D Conversion 


The ADIF bit will be 
set and theGO/DONE bit 
cleared upon comple- 
tion of the A/D con- — 
version. 





Clearing the GO/DONE bit during aconversion will abort . 


the current conversion. The ADRES will NOT be up- 
dated with the partially completed A/D conversion sample. 
That is the ADRES will continue to contain the value of 
the last completed conversion (or the last value written 
to the ADRES register). After the A/D conversion is 
aborted, the 2T,, wait is required before the next sam- 
plingis started. After this 2T, , wait, sampling is automati- 
cally started on the selected channel. 


13.4.1 FASTER CONVERSION -LOWER — 
RESOLUTION TRADEOFF 


Not all applications require a result with 8-bits of resolu- 
tion, but may instead require a faster conversion time. 
The A/D module allows users to make the trade off of 
conversion speed to resolution. Regardless of the reso- 
lution required, the sampling time is the same. To speed 
up the conversion, the clock source of the A/D module 
may be switched so that the T,, time violates the mini- 
mum specified time (see specification # 120). Once the 
T,, time violates the minimum specified time, all the 
following A/D result bits are not valid (see A/D Conver- 
sion Timing in the Electrical Specifications section.) The 
clock sources may only be switched between the three 
oscillator versions (cannot be switched from/to RC). The 
equation to determine the time before the oscillator can 
be switched is as follows: 


Conversion time = 2T,,+NT,, +(8-N)(2 T,,,) 
Where: N = number of bits of resolution required 


Since the T,,is based from the device oscillator, the user 
must use some method (a timer, software loop, etc) to 
determine when the A/D oscillator may be changed. 
Example 13-2 shows a comparison of time required for 
a conversion with 4-bits of resolution, verses the 8-bit 
resolution conversion. The example is for a device 
operating at 20 MHz (The A/D clock is programmed for 
32 Tosc), and assumes that immediately after 6 T,., the 
A/D clock is programmed for 2T,,.... 


The 2 Tosc violates the T_, time of 1.6 ps, since the last 
4-bits will not be converted to correct values. 


EXAMPLE 13-2: 4-BIT VS. 8-BIT 
CONVERSION TIMES 
(AT 20 MHz). 


Resolution 
4-bit 8-bit 


Tosc——C—C=i*dL:«C5''s, | 50s 


2Tad+NTad+(8-N)(2Tosc) 
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13.5 Use of the CCP2 Trigger 


An A/D conversion can be started by the “special event 
trigger’ of the CCP2 module. This requires that the 
CCP2M<3:0> bits (CCP2CON<3:0>) be programmed 
as 1011b and that the A/D module is enabled (ADON is 
set). When the trigger occurs, the GO/DONE bit will be 
set to start the A/D conversion and the Timer 1 counter 
will be reset to zero. Timer 1 is reset to automatically 
repeat the A/D sampling period, with minimal software 
overhead (moving the ADRES to the desired location). 
The appropriate analog input channel must be selected 
and the minimum sampling done before the “special 
event trigger’ sets the GO/DONE bit (starts a conver- 
sion). 


if the A/D module is not enabled (ADON is cleared), then 
the “special event trigger” will be ignored by the A/D 
module, but will still reset the Timer 1 counter. 


13.6 Operation During Sleep 


The A/D module can operate during SLEEP mode. This 
requires that the A/D clock source be set to RC 
(ADCS<1:0> = 11b). When the RC clock source is 
selected the A/D module waits one instruction cycle 
before starting the conversion. This allows the SLEEP 
instruction to be executed, which eliminates all digital 
switching noise from the conversion. When the conver- 
sion is completed the GO/DONE bit will be cleared, and 
the result loaded into the ADRES register. If the A/D 
interrupt is enabled, the device will wake-up from SLEEP. 
If the A/D interrupt is not enabled, the A/D module will 
remain be turned off, though the ADON bit will remain 
set. 





When the A/D clock source is another clock option (not 
RC), a SLEEP instruction will cause the present conver- 
sion to be aborted and the A/D module to be turned off, 
though the ADON bit will remain set. 


Turning off the A/D places the A/D module in its lowest 
current consumption state. 





13.7 A/D Accuracy/Error 


The overall accuracy of the A/D is less than + 1 LSB for 
Vip = 5 V + 10% and the analog V,.. = V,,,- This overall 
accuracy includes offset error, full scale error, and 
integral error. The A/D converter is guaranteed to be 
monotonic. The resolution and accuracy may be less 
when either the analog reference (V_,,.) is less then 5.0V 
or when the analog reference (V,,,,) is less then V,,. 


The maximum pin leakage current is + 5 pa. 


In systems where the device frequency is low, use of the 
A/D clock derived from the device oscillator is preferred. 
This is because T,,, when derived from T,,. is kept away 
from on-chip phase clock transitions. This reduces, toa 
large extent, the effects of digital switching noise. This is 
not possible with the RC derived clock. The loss of 
accuracy due to digital switching noise can be significant 
if many I/O pins are active. 


In systems where the device will enter SLEEP mode 
after the start of the A/D conversion, the RC clock source 
selection is required. In this mode, the digital noise from 
the modules in SLEEP are stopped. This method gives 
the highest accuracy. 


13.8 Effects of a RESET 


A device reset forces all register to their reset state. This 
forces the A/D module to be turned off, and any conver- 
sion is aborted. The value that is in the ADRES register 
is not modified for a power-on reset. The ADRES regis- 
ter will contain unknown data after a power-up reset. 
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13.9 Connection Considerations 


Since the analog inputs employ ESD protection, they 
have reversed biased diodes to V,,, and V,,. This re- 
quires that the analog input must be between V,,, and 
Vag: If the input voltage exceeds this range by greater 
than 0.6V (either direction), one of the diodes is forward 
biased and it may damage the device if the input current 
specification is exceeded. 


Anexternal RC filter is sometimes added for anti-aliasing 
of the input signal. The R component should be selected 
to ensure that the total source impedance is kept under 
the 10 K recommended specification. Any external com- 
ponents connected (via high impedance) to an analog 
input pin (capacitor, zener diode, etc.) should have very 
little leakage current at the pin. 


13.10 Transfer Function 


The ideal transfer function of the A/D converter is as 
follows: The first transition occurs when the analog input 
voltage (V,,,) is 1 LSB (or Analog V,,.. / 256). This is 
shown in Figure 13-5. _ | | 


FIGURE 13.5 - A/D TRANSFER FUNCTION 
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FIGURE 13.6 - FLOWCHART OF A/D OPERATION 


Wait 1 Instruction 
Cycle 


Abort Conversion 


Finish Conversion 
GO=0 
ADIF = 1 


Finish Conversion 
GO=0 Wait 2 Tad 
ADIF = 1 





FIGURE 13.7 - SUMMARY OF A/D REGISTERS 












a 5 SPie | ADIE | RxI eH aie meee | ee oe OS 

p= | - | - [| - 

| =~ -f = | ) - | - | - | = |ecpaie 
| - | 















A/D Result Register 


ADCSO DON 
| er | Apcons | - | = | = | = | = | PcrGa | Pcrat | PcFGo 
85 


09 PORTE PortE Data Latch when written to, PortA when read 


| 89—Sts«|~SsTRISE PortE Data Direction latch 


Ha 
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14.0 SPECIAL FEATURES OF THE 
CPU 


Whatsets apart a microcontroller from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16CXX family has a host of such 
features intended to maximize system reliability, mini- 
mize cost through elimination of external components, 
provide power saving operating modes and offer code 
protection. These are: 


1. OSC selection 

2. Reset 
Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 

. Interrupts 

. Watchdog Timer (WDT) 

SLEEP 

. Code protection 

. In-circuit serial programming 


NOAA 


FIGURE 14-1: CONFIGURATION WORD 


The PIC16CXX has a watchdog timer which can be shut | 


off only through EPROM fuses. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the oscilla- 
tor start-up timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
power-up timer (PWRT), which provides a fixed delay of 
72 ms (nominal) on power up only, designed to keep the 
part in reset while the power supply stabilizes. With 
these two timers on-chip, most applications need no 
external reset circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, watchdog timer time-out or 
through an interrupt. Several oscillator options are also 
made available to allow the partto fit the application. The 
RC oscillator option saves system cost while the LP 
crystal option saves power. A set of EPROM configura- 
tion bits (fuses) are used to select various options. 


14.1 Configuration Fuses 


The PIC16CXX has six configuration fuses which are 
EPROM bits. These fuses can be programmed (read as 
‘0') or left unprogrammed (read as '1') to select various 
device configurations. These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
test/configuration memory space (2000h - 3FFFh), which 
can be accessed during programming. 


Register: FUSES |R/W: Readable & 


TS ~__ fept]oro] pware | wore |rosct |Fosco] Address: 2007) | writable 
13 : Read only 
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bitO :  Unimplemented, 
read as '0' 


FOSC<1:0>: OSC selection fuses. 


11: RC oscillator 
10: HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WODT enable fuses. 


1 = WDT enabled 
0 = WDT disabled 


PWRTE: Power-up timer enable fuses. 


1 = power-up time enabled 
0 = power-up timer disabled 


CP<1:0>: Code protection fuses. 


11: Code protection off 
10: Upper half of program memory code 
' protected | 
01: Upper 3/4th of program memory code 
protected 
00: All memory is code protected 


_ Unimplemented. 
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14.2 Oscillator Configurations 


14.2.1 OSCILLATOR TYPES 


The PIC16CXX can be operated in four different oscilla- 
tor options. The user can program two configuration bits 
(FOSC1 and FOSCO) to select one of these four modes: 


e LP Low Power Crystal 
e XT Crystal 

e HS High Speed Crystal 
e RC Resistor/Capacitor 


14.22 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS 


In XT, LP or HS modes a crystal or ceramic resonator is 
connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 14-2). The PIC16CXX Oscillator 
design requires the use of a parallel cut crystal. Use of 
a series cut crystal may give a frequency out of the 
crystal manufacturers specifications. When in XT, LP or 
HS modes, the device can have an external clock source 
to drive the OSC1 pin. This is shown in Figure 14-3. 


FIGURE 14-2: CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 


e 
To internal 
logic 
SLEEP 


See Tables 14-1 and 14-2 for recommended values of C1 
and C2. 


Note 1: Aseries resistor may be required for AT strip cut 
crystals. 


FIGURE 14-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


Clock from . OSC1 


ext. system PIC16CXX 


OSC2 








TABLE 14-1: CAPACITOR SELECTION 







FOR CERAMIC RESONATORS 
Oscillator Resonator Capacitor Range 
Type Frequency C1=C2 



















XT 455 KHz 150 - 330 pF 
2.0 MHz 20 - 330 pF 


4.0 MHz 20 - 330 pF 


Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. Since each resonator has its own 
characteristics, the user should consult the resonator manu- 
facturer for appropriate values of external components. 


TABLE 14-2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 















100 KHz 200 - 300 pF 
200 KHz 100 - 200 pF 
455 KHz 15 - 100 pF 
1 MHz 15 - 30 pF 
2 MHz 15 pF 

4 MHz 15 pF 





Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. Rs may be required in HS mode as 
well as XT mode to avoid overdriving crystals with low drive 
level specification. Since each crystal has its own charac- 
teristics, the user should consult the crystal manufacturer 
for appropriate values of external components. 


§ For Von > 4.5V, C1 = C2 = 30pf is recommended. 
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14.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT | 


Either a prepackaged oscillator can be used or asimple | 


oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types of 
crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 


Figure 14-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the 
fundamental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a 
parallel oscillator requires. The 4.7 kQ resistor provides 
thenegative feedback for stability. The 10 kQ potentiom- 
eter biases the 74AS04 in the linear region. This could 
be used for external oscillator designs. 


FIGURE 14-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC16CXX 





Figure 14-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental 
frequency of the crystal. The inverter performs a 180- 
degree phase shift in a series resonant oscillator circuit. 
The 330-Q resistors provide the negative feedback to 
bias the inverters in their linear region. 


FIGURE 14-5 : EXTERNALSERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC16CXX 
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14.2.4 RC OSCILLATOR 


For timing insensitive applications the "RC* device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame | 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. | 
Figure 14-6 shows how the R/C combination is con- 
nected to the PIC16CXX. For Rext values below 2.2 
kOhm, the oscillator operation may become unstable, or 
stop completely. For very high Rext values (e.g. 1 
MOhm), the oscillator becomes sensitive to noise, hu- 
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See Section 17.0 for RC frequency variation from part to 
part due to normal process variation. The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See Section 17.0 for variation of oscillator frequency due 
to Vop for given Rext/Cext values as well as frequency 
variation due to operating temperature for given R, C, 
and Vpp values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 


or to synchronize other logic (see Figure 3-2 for wave- 


form). 


FIGURE 14-6: RC OSCILLATOR MODE 


Internal 
clock 


PIC16CXX 


OSC2/CLKOUT 
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14.3 Reset 


The PIC16CXxX differentiates between various kinds of 
reset: 


a) Power-on reset (POR) 





b) MCLR Reset during normal operation 

7 MCLR reset during SLEEP 

d) WOT time-out reset during normal operation 
e) WOT time-out reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on power-on reset (POR), on MCLR or WDT reset 
during normal operation and on MCLR reset during 
SLEEP. They are not affected by a WDT reset during 
SLEEP, since this reset is viewed as the resumption of 
normal operation. TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 14-4. These bits are used in software to determine 
the nature of reset. See Table 14-6 for a full description 
of reset states of ail registers. 


A simplified block diagram of the on-chip reset circuit is 
shown in Figure 14-7. 


14.4 Power-On Reset (POR), Power-Up-Timer 
PWR n illator -up Timer 


(OST) 
14.4.1 Power-On Reset (POR) 


A Power-On Reset pulse is generated on-chip when VoD 
rise is detected (in the range of 1.6V - 1.8V). To take 
advantage of the POR, just tie MCLR pin directly (or 
through a resistor) to Vop. This will eliminate external 
RC components usually needed to create Power-On 
Reset. A minimum rise time for VoD is required. See 
Electrical Specifications for details. 


The POR circuit does not produce internal reset when 
Vop declines. 


14.4.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72ms time-out on 
power-up only, from POR. The power-up timer operates 
on an internal RC oscillator. The chip is kept in reset as 
long as PWRT is active. The PWRT delay allows the 
Vpp to rise to an acceptable level. A configuration fuse, 
PWRTE can enable (if set) or disable (if cleared or 
programmed) the power-up timer. 


The Power-Up Time delay will vary from chip to chip and 
due to VoD and temperature. See DC parameters for 
details. 


FIGURE 14-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


External 


ce O Reset 
SLEEP 
WDT WDT = 
Module 


Time_Out_Reset 


Voo rise 
detect Power_On_Reset 


OST/PWRT 


OST 
ia 10 bit Ripple counter - 


i 


>< — 
- Chip_Reset 





RC OSC > 10 bit Ripple counter 


POWER_UP AND PWRTE 
(Enable the PWRT timer 
only if it is power_up and power_on timer fuse is enabled.) 


(enable tie O +WAKE_UP) (XT + LP + HS) 
Enable the OST if it is power_up or wake_u 
from SLEEP and OSC type is XT, HS, or LP 


Ke 
em 
= 
a 
@ 
fe) 
© 
iT 


Enable OST 


t This is a separate oscilator from the 
RC oscillator of the CLKIN pin. 
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14.4.3 OSCILLATOR START-UP TIMER (OST) 


The Oscillator Start-Up Timer (OST) provides 1024 
oscillator cycle (from OSC1 input) delay after the PWRT 
delay is over. This guarantees that the crystal oscillator 
or resonator has started and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on power-on reset or wake-up from 
SLEEP. 


14.4.4 TIME-OUT SEQUENCE 


On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE fuse status. For 
example, in RC mode with PWRTE fuse cleared (PWRT 
disabled), there will be no time-out at all. Figures 14-8 
to 14-10 depict time-out sequences. 





TABLE 14-3: TIME-OUT IN VARIOUS 
Power up 


SITUATIONS 
Oscillator Wake up from 
Configuration | PWRTE=1 | PWRTE =0 SLEEP 
1024 tosc 
ee ee eee 


Since the time-outs occur from POR pulse, if MCLR is 





kept low long enough, the time-outs will expire. Then 


bringing MCLR high will begin execution immediately 
(see Figure 14-9). This is useful for testing purposes or 
to synchronize more than one PIC16CXX device oper- 
ating in parallel. 


Table 14-5 shows the reset conditions for some special 
registers, while Table 14-6 shows the reset conditions 
for all the registers. | 


14.4.1 POWER CONTROL/STATUS REGISTER 
(PCON) 


The power control/status register, PCON (address 8Eh) 
has only one bit. | 


Bit1 is POR (Power-on-reset). Itis cleared on power-on- 
reset and unaffected otherwise. The user must set this 
bit following power-on-reset. On a subsequent reset if 
POR is cleared, it will indicate that a Power-On Reset 
must have occured (VDD may have gone too low). 


TABLE 14-4: STATUS BITS AND THEIR 
SIGNIFICANCE 


i ee 

Pi [1 [Poweronrest 

0 | x| Wega, TO issetonPOR | 
WDT reset during normal operation 


ro 
Pop 
0 | © [ WOT timeout wakeup fom SLEEP _ 
Te 















1 


MCLR reset during normal operation 


MCLR reset during SLEEP or 
interrupt wake-up from SLEEP 





TABLE 14-5: RESET CONDITION FOR SPECIAL REGISTERS 









Power-On Reset 


MCLR reset during normal operation 





MCLR reset during SLEEP 





WDT reset during normal operation 






WDT during SLEEP 





Interrupt wake-up from SLEEP 


Legend: u 
x 


unchanged 
unknown 
unimplemented bit, reads as '0' 


PCL STATUS PCON 
Addr: 02h Addr: 03h Addr: 8Eh 

















— oe oe --u- 





Notes: 1. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
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TABLE 14-6: RESET CONDITION FOR REGISTERS 


e MCLR Reset during: e Wake up from SLEEP 
- normal operation through interrupt 


- SLEEP e Wake up from SLEEP 
¢ WDT timeout during normal through WDT timeout 
operation 


yuuu uuu 
ene ee 


uuuu uuuUu uuu uuuUu 


= 


---0 0000 ---u uuuu 


uuuu uuuu (1) 


wu wut (2) 
(ea ee 
ee 
ee 
ee De 


uuuu uuuu uuuu uuuu 
uuuu uuuUu uuuu uuuu 


uuuu uuuUu uuuu uuuUu 








(Cont.) 
Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as '0', ? = value depends on condition 
Notes: 1. One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 
vector (0004h). 
3. See Table 12-5 for reset value for specific condition. 
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TABLE 14-6: RESET CONDITION FOR REGISTERS (Continued) 


— 


ee Ce es ee eee 
| opTION | 8th | 11111111 11111111 
a ee pC +1 
[status | @3h__ 
| 85h 


° Wake up from SLEEP 
through interrupt 


e Wake up from SLEEP 
through WDT timeout 


e MCLR Reset during: 
~ normal operation 
- SLEEP 
e WDT timeout during normal 
operation 


























uuuu uuuu 

























PC 
wu? Pou (3) 
FSR 


TRISA --11 1111 --11 1111 --uu uuuUu 


TRISB uuuu uuuU 


uuuu uuuu 


mRISC. =| 87h] satan. 1241 11111111 
TRISD =| bhatt aaa 1111 1111 


uuuu uuUuU 


uuuu -uuUu 


7h 

8h 

POLAT | ean 
94h 
9Fh 






~--u uuuUu 





8 
8 
8 
8 
8 


PON ee ee ees 


ee ee -=-u- 





uuuUu uuu 


pPR2 | oth | moe S| 


uuu uuu 


~-uu uuUuUu 






TXSTA 


uuu uuuUu 


00000000 | 0000 0000 


Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as '0'", ? = value depends on condition 


Notes: 1. One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 
vector (0004h). 
3. See Table 12-5 for reset value for specific condition. 


uuu uuu 
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FIGURE 14-8 : TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vob): Case 1 


ed 
MCLR : 
INTERNAL POR meee een: | One vee eae er 


PWRT TIME-OUT 2s an 


'd—tosT—> 


OST TIME-OUT ae ve eer ee ee | 


INTERNAL RESET | 





FIGURE 14-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): Case 2 


Vpb 


MCLR 


INTERNAL POR Bs 


PWRT TIME-OUT 


OST TIME-OUT 
INTERNAL RESET ee eens, Se 


FIGURE 14-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vop) 













MCLA <a ss 


INTERNAL POR ne, | nea een ee ee ee eee 


PWRT TIME-OUT 


'@ tosT >! 


OST TIME-OUT wet lll 
INTERNAL RESET eee ee tS 
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FIGURE 14-11: EXTERNAL POWER-ON RESET FIGURE 14-12: BROWN-OUT PROTECTION 
CIRCUIT (FOR SLOW Vop CIRCUIT 1 
POWER-UP) 


MCLR 
MCLR 


PIC16CXX 


1. This circuit will activate reset when VDD goes 
below (Vz + 0.7V) where Vz = Zener voltage. 


Notes: 

1. External power-on reset circuit is required only if 
VDD power-up slope is too slow. The diode D helps 
discharge the capacitor quickly when VDD powers 
down. 

. R < 40KQ is recommended to make sure that 
voltage drop across R does not exceed 0.2V (max FIGURE 14-13: BROWN-OUT PROTECTION 
leakage current spec on MCLR pin is 5A). A larger CIRCUIT 2 
voltage drop will degrade ViH level on MCLR pin. 





R1 = 1000 to 1KQ will limit any current flowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 





MCLR 


PIC16CXX 


Notes: 


1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 


Vbpb ¢ oo) ee TV. 
R1 + R2 ? 
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14.5 Interrupts 
The PIC16C74 has 12 sources of interrupt: 


e External interrupt RBO/INT 

¢ RTCC timer/counter overflow interrupt 
e PortB change interrupts (pins RB<7:4>) 
e¢ Timer1 overflow interrupt 

e Timer2 interrupt 

e CCP1 interrupt 

e CCP2 interrupt 

e SCI asynchronous transmit and receive 
e Sync serial port interrupt 

¢ SCI interrupt CO 
¢ A/D interrupt : 


RS 


eX 
H ° Hy ae SS 
e Microprocessor port read/write interrupt 





The interrupt control register (INTCON, addr OBh) records 
individual interrupt requests in flag bits. It also has — ~ 
individual and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 


The RETFLE instruction allows user to return from inter- 
rupt and enable interrupt at the same time. 


The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 


The peripheral interrupt flags are contained in the spe- 
cial register PIR1 (OCh). The corresponding interrupt 
enable bits are contained in special registers PIE1 
(8Ch). 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interrupt flag bit(s) must be cleared in software before re- 
enabling interrupts to avoid recursive interrupts. 





FIGURE 14-14: INTERRUPT LOGIC 
ie ie 
{if in SLEEP mode) 
se 


CCPIIF - interrupt 
CCPIHE to CPU 
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14.5.1 INT INTERRUPT | 


External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or falling, 
if INTEDG bit is clear. When a valid edge appears on the 
INT pin, the INTF bit (INTCON<1>) is set. This interrupt 





can be disabled by clearing the INTE control bit. 


(INTCON<4>). The INTF bit must be cleared in software 


in the interrupt service routine before re-enabling this. 


interrupt. The INT interrupt can wake up the processor 
from SLEEP, if the INTE bit was set prior to going into 
SLEEP. The status of the GIE bit decides whether or not 
the processor branches to the interrupt vector following 
wake-up. See Section 14.8 for details on SLEEP and 
Figure 14-16 for timing of wake-up from SLEEP through 
INT interrupt. 


14.5.2 TMRO INTERRUPT 


An overflow (FFh —> 00h) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing TOIE (INTCON<5>) bit. For 
operation of the TMRO module, see Section 7.0. 


14.5.3 PORT RB INTERRUPT 


An input change on PortB <7:4> sets the RBIF 
(INTCON<0>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing the RBIE (INTCON<4>) bit. 
For operation of PortB, see Section 5.2. 


FIGURE 14-15: INT PIN INTERRUPT TIMING 


a1 | a2| as] as] ar| a2| as | a4 


INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION FLOW 


Instruction 


fetched Inst (PC) 


Inst (PC + 1) 
Instruction 


evacuied Inst (PC - 1) 


Inst (PC) 


Notes: 
1. INTF flag is sampled here (every Q1) 
2. Interrupt latency = 3-4 Tcy where Tcy = 


14.6 


Context Saving During Interrupts 


During an interrupt, only the return PC value is saved on 
the stack. Typically, users may wish to save key 
registers during an interrupt e.g. W register and status 
register. This will have to be implemented in software. 


EXAMPLE 14-1: SAVING W REGISTER AND 


movwft 
swapf 
movwft 


push: 


pop: swapf 


movwft 
swapf 
swapf 


-at| az! a3| a4 


Interrupt Latency (Note 2) 
ao 


Dummy cycle 


instruction cycle time. 


a1 | a2| a3| a4 


STATUS IN RAM: 


temp_w ;Saving Values 
STATUS ,W ; 
temp_stat ; 

; Interrupt 

; Service Routine 
temp_stat,W ;Restoring 

; Values 
STATUS ; 
temp_w, F 7Do not want to 
temp_w, W ; affect Z-bit 


a1| a2| a3! as 


Inst (0005h) 


Inst (0004h) 


Dummy cycle Inst (0004h) 


Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 
3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enabled to be set anytime during the Q4-Q1 cycles. 
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14.7 Watchdog Timer (WDT) 


The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com- 
ponents. This RC oscillator is separate from the RC 
oscillator of the CLKIN pin. That means that the WDT will 
run, even if the clock on the OSC1 and OSC2 pins of the 
device has been stopped, for example, by execution of 
a SLEEP instruction. During normal operation, a WDT 
timeout generates a device RESET. If the device is in 
SLEEP mode, a WDT timeout causes the device to 
wake-up and continue with normal operation. The WDT 
can be permanently disabled by programming the con- 
figuration fuse WDTE as a '0' (Section 14.1). 


14.7.1 WDT PERIOD 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT and 


the prescaler, ifassigned to the WDT, and prevent it from 
timing out and generating a device RESET condition. 


The TO bit inthe STATUS register will be cleared upon 
a watchdog timer time-out. 


14.7.2 WDT PROGRAMMING CONSIDERATIONS 


it should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
time-out occurs. 


FIGURE 14-16: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source 
(see Figure 7-6) 


n 


Watchdog 
Timer 


WDT Enable 
EPROM Fuse 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register 


8-Bit Counter 


8 - to -1 MUX PSO - PS2 


To TMRO 
(see Figure 7-6) 


WDT 
Time-out 





FIGURE 14-17: SUMMARY OF WATCHDOG TIMER REGISTERS 


2007 Config. Fuses 


[si [ortion | repu | wreoa| ars | Are | psa | ese] psi | so 
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14.8 Power-Down Mode (SLEEP) 


The Power-Down mode is entered by executing a SLEEP 
instruction. | 


If enabled, the Watchdog Timer will be cleared but keeps 
running, the PD bit in the STATUS register is cleared, 
the TO bit is set, and the oscillator driver is turned off. 
The I/O ports maintain the status they had, before the 
SLEEP command was executed (driving high, low, or hi- 
impedance). 


For lowest curent consumption in this mode, all I/O pins 
should be either at VpD, or Vss, with no external circuitry 
drawing current from the I/O pin. I/O pins that are hi- 
impedence inputs should be pulled high or low externally 
to avoid switching currents caused by floating inputs. 
The RTCC input should also be at Vpp or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PortB should be considered. 


The MCLR pin must be at a logic high level (ViHmc). 
It should be noted that a RESET generated by a WDT 
time-out does not drive MCLR pin low. 


14.8.1 WAKE-UP FROM SLEEP 





The device can wake up from SLEEP through one of the 
following events: | 


1. External reset input on MCLR pin 

2. Watchdog timer time-out reset (if WOT was enabled) 

3. Interrupt from INT pin, RB port change, TMRO over- 
flow, or some Peripheral Interrupts. 


The following peripheral interrupts can wake-up from 
‘SLEEP: 


1. TMR_1 interrupt. Timeri must be operating as an 
asynchronous counter. 





at | a2| a3 | a4 | ai | a2| a3 | as | ai | 


Instruction 
fetched Inst (PC) = SLEEP Inst (PC + 1) 


Instruction 7 
oxecutdd inst (PC - 1) SLEEP 


Notes: 
1. XT, HS or LP oscillator mode assumed 


FIGURE 14-18: WAKE-UP FROM SLEEP THROUGH INTERRUPT 


2. SSP Start/Stop bit detect interrupt. 
3. CCP capture mode interrupt. 
4. Slave port read or write. 


Other peripherals can not generate interrupts since - 
during SLEEP, no on-chip Q clocks are present. 


The first event will cause a device reset. The two latter 
events are considered a continuation of program execu- 
tion. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. PD bit, 
which is set_on power-up is cleared when SLEEP is 
invoked. TO bit is cleared if WDT time-out occurred 
(and caused wake-up). | 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GIE bit. If the GIE bitis clear 
(disabled), the device continues execution atthe instruc- 
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP instruction and the branches to the interrupt 
address (0004h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NOP after the SLEEP instruction. 


ee ee ee oe 
SS 


Pe oe SSS 
RIOR: RRS 





The WDT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 


Inst (PC + 2) Inst (0005h) 


Inst(PC +1) |  Dummycycle | _Dummycycle | ~—_—_inst (0004h) 


2. tost = 1024 tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3. GIE = 1 assumed. In this case after wake up processor jumps to interrupt routine. 

If GIE = 0, execution will continue in fine. 
4. CLKOUT is not available in these osc modes, but shown here for timing reference. 
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14.9 Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuses (CP<1:0>). 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 


In code-protected mode, the configuration word (2007h) 
will not be scrambled, allowing reading of all fuses. 


14.9.1 CODE PROTECTION FUSES: 


The PIC16/17 microcontroller code protection scheme 
has been enhanced. These enhancements allow the 
user to selectively code protect portions of the program 
memory. The two code protect fuses (CP<1:0>) allow 
the selection of the following code protection mappings: 


11 Program memory not code protected 

01 Upper 3/4 of program memory code protected 
(SFF - OFFFh) 

10 Upper 1/2 of program memory code protected 
(7FF - OFFFh) 

00 Entire program memory code protected 


Any word of a protected memory section will read out a 
scrambled version as shown in Figure 14-19: 


FIGURE 14-19: PROTECTED MEMORY 
READ FORMAT 


13 7 6 0 


0000 000 b6 b5 b4 b3 b2 bi bO 


where 60 = XNOR of bitO and bit7 of the 
program memory location. 


b1 = XNOR of bit1 and bit8 of the 
programmemory location. 


XNOR of bit6 and bit13 of the 
program. 


The configuration word is not code protected, and there- 
fore no scrambling is done. Unprotected segments read 
normally. Once the program memory location(s) have 
been code protected, those memory locations can not 
be further programmed. 


14.9.2 VERIFYING A CODE-PROTECTED PART 


When code protected, verifying any program memory 
location will read a scrambled output which looks like 
“OOO0000xxxxxxx" (binary) where X is 1 or 0. To verify 
a device after code protection, follow this procedure: 


1. First, program and verify a good device without code 
protecting it. 

2. Next, blow its code protection fuse and then load its 
contents in a file. 

3. Verify any code-protected PIC16C74 against this 
file. 





14.10 In-Circuit Serial Programming 


The PIC16CXX microcontrollers can be serially pro- 
grammed while in the end application circuit. This is 
simply done with two lines for clock and date, and three 
other lines for power, ground, and the programming 
voltage. This allows customers to manufacture boards 
with unprogrammed devices, and then program the 
microcontroller just before shipping the product. This 
allows the most recent firmware or a custom firmware to 
be programmed. 


The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (Vpp) pin from Vil to Vihh. RB6 becomes the 
programming clock and RB7 becomes the programming 
data. Both RB6 and RB7 are schmidt trigger inputs in 
this mode. 


After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com- 
mand was aload or aread. For complete details of serial 
programming, please refer to the PIC16C6X/7X Pro- 
gramming Specifications (Literature #DS30228). 


A typical in-system serial programming connection is 
shown in Figure 14-20. 


FIGURE 14-20: TYPICAL IN-SYSTEM 
SERIAL PROGRAMMING 
CONNECTION 


To Normal 


External Connections 


Connector PIC16CXX 
Signals 


To Normal 
Connections 
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15.0 INSTRUCTION SET SUMMARY 


Each PIC16CXxX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 15-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 15-1 shows the 
opcode field descriptions. 


For byte-oriented instructions, "f" represents a file regis- 
ter designator and “d" represents a destination designa- 
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If "d" is zero, the result is 
placed in the W register. If “d" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, “b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. 

For literal and control operations, “k" represents an eight 
or eleven bit constant or literal value. 


TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS 










Bit address within an 8 bit file register 
Literal field, constant data or label 
Don't care location (= 0 or 1) 

The assembler will generate code with x = 
0. It is the recommended form of use for 
with all software tools. 
Destination select; d = 0: store result in W, 

d = 1: store result in file register f. 


Default is d = 1 
label 
TOS 
PC 
PCLATH|ProgramCounterHighLatch 
GIE 
WDT 
TO 


specified register file location 


— | Assigned to 


> | Register bit field 
In the set of 


italicsUser defined term 















— 











The instruction set is highly orthogonal and is grouped 
into three basic categories: 

e Byte oriented operations 

e Bit oriented operations _ 

e Literal and control operations © 


All instructions are executed within one single instruc- 
tion cycle, unless aconditional testis true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 usec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 usec. | 


Table15-2 lists the instructions recognized by the MPASM 
assembler. 


Figure 15-1 shows the three general formats that the 
instructions can have. 





All examples use the following format to represent a 
hexidecimal number: 

Oxhh | 
where h signifies a hexidecimal digit. 


FIGURE 15-1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 8 7 6 0 


OPCODE ld | (FILE #) 


d = 0 for destination W 
d = 1 for destination f 
f = 7-bit file register address 
Bit-oriented file register operations 
13 10 9 7 6 0 


OPCODE b(BIT #) | (FILE #) 


b = 3-bit bit address 
f = 7-bit file register address 


Literal and control operations 
13 8 7 0 


OPCODE k (LITERAL) 


k = 8-bit immediate value. 
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TABLE 15-2: INSTRUCTION SET 


Mnemonic, Description Cycles 14-Bit Opcode Status 
Operands [mshi (| _AMffected 


BYTE-ORIENTED FILE REGISTER OPERATIONS 


Add W and f 

AND W and f 

Clear f 

Clear W 

Complement f 
Decrement f 

Decrement f, Skip if 0 
Increment f 

Increment f, Skip if 0 
Inclusive OR W and f 
Move f 

Move W tof 

No Operation 

Rotate left f through carry 
Rotate right f through carry 
Subtract W from f 

Swap halves f 

Exclusive OR W and f 


afff fff 
affft fFFE 
1f££ CFLE 
Oxxx XxXxXX 
agfff fffE 
agfff f£fE 
agfff f£fE 
dfff fff 
afff ffrft 
aqffrte FLEE 
adfff fff 
1ffFL fFLF 
Oxx0 0000 
dfff ffff 
adfff fftt 
afff ffrftt 
agfff f£fEF 
afff fff 


ee ee ee, ee, a, ee 


BCF f,b | Bit Clear f bfff ffff 
BSF f,b | Bit Set f bf£E ££LEF 
BTFSC f,b | Bit Test f, Skip if Clear bfff ffff 
BTFSS f,b | Bit Test f, Skip if Set bfff ffff 


LITERAL AND CONTROL OPERATIONS 


ADDLW Add literal to W 
ANDLW AND literal to W 

CALL Call subroutine 
CLRWDT Clear watchdog timer 
GOTO Go to address 

IORLW Inclusive OR literal to W 
MOVLW Move literal to W 
RETFIE Return from interrupt 
RETLW Return with literal in W 
RETURN Return from subroutine 
SLEEP Go into standby mode 
SUBLW Subtract W from literal 
XORLW Excl. OR literal to W 


kkkk kkkk 
kkkk kkkk 
kkkk kkkk 
0110 0100 
kkkk kkkk 
kkkk kkkk 
kkkk kkkk 
0000 1001 
kkkk kkkk 
0000 1000 
0110 0011 
kkkk kkkk 
kkkk kkkk 


| rt oe 


(st wwe 





— —'-4 AAD A —| = APO] PO oa 


Notes: 1. When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that value present on 
the pins themselves. For example, if the data latch is "1" for a pin configured as input and is driven low by an external device, 
the data will be written back with a ‘0'. 
2. If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared if assigned to 
the TMRO. 
3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is 
executed as a NOP. 
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15.1 Instruction Descriptions 


ADDLW Add Literal to W 
Syntax: [label] ADDLW_ k 
Operands: O0<k< 255 

Operation: (W)+k—>W 


Status Affected: C, DC, Z 


Encoding: 
Description: The contents of the W register are 
added to the eight bit literal “k” and the 
result is placed in the W register. 
Words: 1 
Cycles: 1 
Example: ADDLW 0x15 
Before Instruction 
W = 0x10 
After Instruction 
W = 0x25 
ADDWE ADD Wtof 
Syntax: [ label] ADDWF fd 
Operands: O<f<127 
de [0,1] 
Operation: (W) + (f) — (dest) 


Status Affected: C, DC, Z 





ANDLW AND Literal and W 
Syntax: [label] ANDLW_ k 
Operands: 0<k<255 
Operation: (W) .AND. (k) — W 


Status Affected: Z 


Encoding 
Description: The contents of W register are AND’ed 
with the eight bit literal “k”. The result 
is placed in the W register. 
Words: 1 
Cycles: 1 
Example: ANDLW 0x5F 
Before Instruction 
W = OxA3 
After Instruction 
W = 0x03 


ANDWE AND W with f 


Syntax: [ label] ANDWF fd 
Operands: O0<f<127 

de [0,1] 
Operation: (W) .AND. (f) — dest 


Status Affected: Z 


| 00 | o1o1 | ares] cece | 





Encoding: [00 | orar] afer [ieee ] Encoding: 

Description: Add the contents of the W register to Description: AND the W register with register ‘f’. If 
register “f’. If “d” is O the result is “d” is O the result is stored in the W 
stored in the W register. If “d” is 1 the register. If “d” is 1 the result is stored 
result is stored back in register “f’. back in register ‘“f’. 

Words: 1 Words: 1 

Cycles: 1 Cycles: 1 

Example: ADDWF FSR, 0 Example: ANDWF FSR, 1 
Before Instruction Before Instruction 

W = Ox17 Ww = 0x17 
FSR = OxC2 FSR = OxC2 
After Instruction After Instruction 
W = OxD9 W = 0x17 
FSR = OxC2 FSR = Ox02 
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BCF Bit Clear f BTFSC Bit Test, skip if Clear : 
Syntax: [ label] BCF f,b Syntax: [ label] BTFSC f,b ; 
Operands: O<f< 127 Operands: O<f<127 | 
O<b<7 O<b<7 | 
Operation: 0 > f<b> Operation: skip if (f<b>) = 0 
Status Affected: None Status Affected: None 
Encoding: Encoding: 
Description: Bit “b” in register “f’ is reset to 0. Description: If bit 'b' in register 'f' is '0' then the next 
Words: 1 instruction is skipped. 
; If bit 'b' is ‘0’, the next instruction, 
pyees: : fetched during the current instruction 
Example: BCF FLAG_REG, 7 execution, is discarded and a NOP is 
Before instruction executed instead making this a2 cycle 
FLAG_REG = OxC7 instruction. 
After Instruction Words: 1 
FLAG_REG = 0x47 Cycles: . 1(2) 
Example: HERE BTFSC  FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE - 


Before Instruction 
PC =address HERE 

After Instruction 
if FLAG<1> =0, PC =address TRUE 
if FLAG<1>=1, PC =address FALSE 


F i f BTESS Bit Test, skip if Set 


Syntax: [ label] BSF f,b Syntax: [ label] BTFSS f,b 
Operands: O<f< 127 Operands: O0<f<127 
O<b<7 O<b<7 
Operation: 1 > f<b> Operation: skip if (f<b>) = 1 
Status Affected: None Status Affected: None 
Encoding Encoding: 
Description: Bit “b” in register “P is set to 1. Description: If bit “b” in register “f’ is “1” then the 
Words: 1 next instruction is skipped. 


If bit “b" is "0", the next instruction, 





Cycles: 1 : 
y fetched during the current instruction 
Example: BSF FLAG_REG, 7 execution, is discarded and a NOP is 
Before Instruction executed instead making this a2 cycle 
FLAG_REG= Ox0A instruction. 
After Instruction Words: 1 
FLAG_REG = Ox8A Cycles: 1 (2) 
Example: HERE BTFSC’ FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE - 
Before Instruction 
PC =address HERE 
After Instruction 
if FLAG<1>=0,PC=address FALSE 
if FLAG<1>=1,PC =address TRUE 
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CALL _._ Subroutine Call 
Syntax: - [label] CALL k 
Operands: 0<k< 2048 
Operation: (PC) + 1 — TOS, 

k + PC<10:0>, 


(PCLATH<4:3>) + PC<12:11>; 
Status Affected: None 


Encoding: 
Description: Subroutine call. First, return address 
(PC + 1) is pushed onto the stack. The 
eleven bit immediate address is 
loaded into PC bits <10:0>. The up- 
_per bits of the PC are loaded from 
PCLATH (f03). CALL is a two cycle 
instruction. 
Words: 1 
Cycles: 2 
Example: HERE CALL THERE 
Before Instruction 
PC = Address HERE 
After Instruction 
PC = Address THERE 
TOS = Address HERE 
LRF Clear f 
Syntax: [label] CLRF f 
Operands: O<f<127 
Operation: 00h — f 
152 


Status Affected: Z 


Encoding: |_oo | 0001] itee| eee | 

Description: The contents of register “P are cleared 
and the Z bit is set. | 

Words: 1 

Cycles: 1 eae 

Example: CLRF  FLAG_REG 


Before Instruction 
FLAG_LREG= Ox5A 


After Instruction 
FLAG_REG= 0x00 
ay a ; 


CLRW Clear W Register | 
Syntax: [ label] CLRW_ 
Operands: None 

Operation: 00h — (W) 

| 7 1>Z | 


Status Affected: Z 


| 00 | 0001 | oxxx | xxx’ 


Encoding: 
Description: W registered is cleared. Zero bit (Z) is 
set. 
Words: 1 
Cycles: 1 
Example: CLRW 
Before Instruction 
W = OXSA 
After Instruction 
W = 0x00 
Ze= i 
CLRWDT Clear Watchdog Timer | 
Syntax: [ label] CLRWDT 
Operands: None 
Operation: 00h —WDT, 
0 — WDT prescaler, 
1+ TO 
1 PD 


Status Affected: TO : PD 


Encoding:  [_00 | 0000[ o1i0] o100! 

Description: CLRWDT instruction resets the watch- 
dog timer. It also resets the prescaler 
of the WDT. Status bits TO and PD 
are set. — 

Words: 1 

Cycles: 1 | 

Example: CLRWDT 


Before Instruction 
WDT counter = ? 
After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO =0 
PD =0 
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MF mplementf 
Syntax: [ label] COMF f,d 
Operands: O<f<127 

de [0,1] 
Operation: (f) — (dest) 


Status Affected: Z 


DECFSZ Decrement f, skip if 0 


Syntax: [ label] DECFSZ f,d 
Operands: O<f<127 

de [0,1] 
Operation: (f)- 1-—d; skip if result = 0 


Status Affected: None 





Encoding: [00 | 1001] afte | effi, Encoding:  |_00 | 1011| ages | feet 
Description: The contents of register “f” are comple- Description: The contents of register 'T’ are decre- 
mented. If “d” is 0 the result is stored mented. i d Is 0 the result is placed 
in W. If“d” is 1 the result is stored back in the W register. If “d” is 1 the result 
in register “?’. is placed back in register “f’. 
Words: 1 If the result is 0, the next instruction, 
which is already fetched, is discarded. 
Cycles: 1 A NOP is executed instead making it 
Example: COMF REG1, 0 a two cycle instruction. 
Before Instruction Words: 1 
REG1= 0x13 Cycles: 1 (2) 
After Instruction Example: HERE DECFSZ CNT, 1 
REG1 = 0x13 GOTO LOOP 
Ww = OxEC CONTINUE - 
- Before Instruction 
PC =address HERE 
After Instruction 
CNT = CNT -1 
if CNT =0,PC =address CONTINUE 
if CNT #0,PC =address HERE + 1 
F Decrement f T nditional Branch 
Syntax: { label] DECF fd Syntax: [ label] .GOTO k 
Operands: 0<f<127 Operands: 0<k< 2048 
de [0,1] Operation: k — PC<10:0>, 
Operation: (f)-1 — (dest) (PCLATH<4:3>) — PC<12:11> 
Status Affected: Z Status Affected: None 
Encoding. [00 | oo1a| aeee] efee] Encoding 
Description: Decrement register “f’. If “d” is 0 the Description: GOTO is an unconditional branch. 
result is stored in the W register. If“d” The eleven bit immediate value is 
is 1 the result is stored back in register loaded into PC bits <10:0>. The up- 
Big per bits of PC are loaded from 
Words: 1 PCLATH <4:3>. GOTO is atwocycle 
te ; instruction. 
cles: 
y Words: 1 
Example: DECF CNT, 1 
Cycles: 2 
Before Instruction : 
CNT = 0x01 Example: GOTO THERE 
Z. = 0 After Instruction 
After Instruction PC = Address of THERE 
CNT = Ox00 
Zz = 4 
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INCF Increment f 
Syntax: [ label], INCF  f,d 
Operands: O<f<127 

de [0,1] 
Operation: (f) + 1 — (dest) 


Status Affected: Z 


Encoding:  |_o0 | 1010] ages | eset | 
Description: The contents of register “f” are incre- 
mented. If “d” is 0 the result is placed 
in the W register. If “d” is 1 the result 
is placed back in register “Tf”. 
Words: 1 
Cycles: 1 
Example: INCF CNT, 1 
Before Instruction 
CNT = OxFF 
Z =0 
After instruction 
CNT = 0x00 
Z. = 1 
INCFSZ increment f, skip if 
Syntax: [ abel] INCFSZ f,d 
Operands: O<f<127 
de [0,1] 
Operation: (f) + 1 — (dest), skip if result = O 


Status Affected: None 


| oo | 1111 | aeee | fee 


The contents of register “f’ are incre- 
mented. If “d” is 0 the result is placed 
in the W register. If “d” is 1 the result 
is placed back in register “f’. 


Encoding: 
Description: 


_ If the result is 0, the next instruction, 
which is already fetched, is discarded. 

_ ANOP is executed instead making it 
a two cycle instruction. 


Words: 1 
Cycles: 1 (2) 
Example: HERE INCFSZ CNT, 1 


GOTO LOOP 
CONTINUE « 


Before Instruction 
PC =address HERE 


— After Instruction 
CNT = CNT +1 


if CNT =0,PC =address CONTINUE 
if CNT #0,PC=address HERE + 1 





IORLW Inclusive OR Literal with W_ 
Syntax: | [ label] IORLW_ k 

Operands: 0<k<255 

Operation: (W) .OR. (k) > (W) 


Status Affected: Z 


Encoding: 
Description: The contents of the W register are 
OR’ed with the eight bit literal “k”. The 
result is placed in the W register. 
Words: 1 
Cycles: 1 
Example: IORLW 0x35 
Before Instruction 
W = Ox9A 
After Instruction 
W = OxBF 
IORWE Inclusive OR W with f 
Syntax: [ label] |ORWF fd 
Operands: O<f<127 
de {0,1} 
Operation: (W) .OR. (f) — (dest) 


Status Affected: Z 


Encoding:  |_00 | o100| arte | fete 

Description: Inclusive OR the W register with reg- 
ister “f’. If “d” is O the result is stored 
in the W register. If “d” is 1 the result 
is stored back in register “f’. 

Words: 1 

Cycles: 1 

Example: IORWF RESULT, 0 


_ Before Instruction 
RESULT = 0x13 
W = 0x91 


After Instruction 
RESULT = 0x13 
W = 0x93 
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MOVLW 
Syntax: 
Operands: 
Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example: 


MOVE 


Syntax: 
Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Move Literal to W 


[ label] MOVLW k 
0<k<255 

k — (W) 

None 


The eight bit literal “k” is loaded into W 
register. 


1 
1 
MOVLW Ox5A 


After Instruction 
W = Ox5A 


Move f 


[ label] MOVF fd 


O0<f<127 
de [0,1] 
(f) — (dest) 
Z 


| 00 | 1000] ages | fees | 


The contents of register f is moved to 
destination d. If d=0, destination is W 
register. If d= 1, the destination is file 
register f itself. d = 1 is useful to test 
a file register since status flag Z is 
affected. 


1 
1 
MOVF FSR, 0 


After Instruction 
W = value in FSR register 


MOVWE Move W to f 


Syntax: [ label] MOVWF f 
Operands: 0<f<127 
Operation: (W) => (f) 


Status Affected: None 


Encoding: | 00 | oooo| iste | seee_ 
Description: Move data from W register to register 
a ie 
Words: 1 
Cycles: 1 
Example: MOVWF OPTION 
Before Instruction 
OPTION = OxFF 
W = Ox4F 
After Instruction 
OPTION = Ox4F 
W = 0Ox4F 
NOP No Operation 
Syntax: { label] NOP 
Operands: None 
Operation: No operation 


Status Affected: None 


Encoding: [_00 | 0000] oxxo] 0000} 
Description: No operation 

Words: 1 

Cycles: 1 

Example: NOP 
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RETLW 


Syntax: 
Operands: 
Operation: 
Status Affected 
Encoding: 


Description: 


Words: 
Cycles: 
Example: 


TABLE ADDWF PC 





RETLW kl 
RETLW k2 
RETLW kn 
RETFIE Return from Interrupt __ RETURN 
Syntax: { label] RETFIE Syntax: 
Operands: None Operands: 
Operation: TOS > PC, Operation: 
Pe Ie Status Affected: 
Status Affected: None 
Encoding: 
Encoding: 0000} 0000} 1001 =e 
Description: 
Description: Return from Interrupt. Stack is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en- 
abled by setting the GIE bit. GIE is Words: 
the global interrupt enable bit (IN- sae 
TCON<7>). This is a two cycle Cycles: 
instruction. Example: 
Words: 1 
Cycles: 2 
Example: RETFIE 
After Interrupt 
PC TOS 
GIE = 1 


CALL TABLE 


Return Literal to W 


{ label] RETLW k 
0<k< 255 
k + W; TOS — PC; 
None 
11 kkkk } kkkk 


The W register is loaded with the 
eight bit literal “k”. The program 
counter is loaded from the top of the 
stack (the return address). Thisis a 
two cycle instruction. 


1 
2 


01XxX 





W contains table offset 


value 
W now has table value 


=e 


me Me 


W offset 
Begin table 


~e Se Ne 


End of table 


Before Instruction 
W = 0x07 


After Instruction 
W = value of k7 


me 


Return from Subroutin 
[ label] RETURN 


None 
TOS — PC; 
None 
0000 0000 1000 


Return from subroutine. The stack is 
popped andthe top of the stack (TOS) 
is loaded into the program counter. 
This is a two cycle instruction. 


1 
2 
RETURN 


After Interrupt 
PC = TOS 
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RLF Rotate Left_f through Carry 
Syntax: [ label] RLF f,d 
Operands: O<f<127 
de [0,1] 
Operation: f<n> > d<n+1>, f<7>-— C, C > 
d<0>; 


Status Affected: C 


Encoding: | oo | 1101| atee| fees 
Description: The contents of register “f’ are rotated 
one bit to the left through the Carry 
Flag. If “d” is 0 the result is placed in 
the W register. If “d” is 1 the result is 
stored back in register “fT”. 
[e}{_astert 
Words: 1 
Cycles: 1 
Example: RLF REG1, 0 
Before Instruction 
REG1 = 11100110 
C = 0 
After Instruction 
REG1 = 11100110 
WwW = 11001100 
C = 1 
RRF Rotate Right f through Carry 
Syntax: [label] RRF fd 
Operands: 0<f<127 
de [0,1] 
Operation: f<n> —d<n-1>, 
f<0> —C, 
C + d<7>; 


Status Affected: C 


| 00 | 1100 | ates] fete 


The contents of register “P’ are rotated 
one bit to the right through the Carry 
Flag. If “d” is 0 the result is placed in 
the W register. If “d” is 1 the result is 
placed back in register “f’. 


-{e}_eoert fy 


Words: 1 
Cycles: 1 


Encoding: 
Description: 


Example: RRF REG1,0 


Before Instruction 
REG1 11100110 
C 0 


After Instruction 
REG1 11100110 


Ww 01110011 
C 1 


SLEEP 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


SUBLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 


Example 1: 


Example 2: 


[ label] SLEEP 
None 


00h — WDT, 

0 — WDT prescaler 
1 — TO, 

0— PD 


TO, PD 
| 00 | 0000 | o110 | 0043 _ 


The power down status bit (PD) is 
cleared. Time-out status bit (TO) is 
set. Watchdog Timer and its pres- 
caler are cleared. 


The processor is put into SLEEP mode 
with the oscillator stopped. See sec- 
tionon SLEEP mode for more details. 


1 
1 
SLEEP 


ubtract W from Literal 


[ label] SUBLW k 
0<k<255 

k-(W) > (W) 

C, DC, Z 


The W register is subtracted (2's 
complement method) from the eight 
bitliteral“k”. The result is placed in the 
W register. 


1 
1 


SUBLW 0X02 


Before Instruction 
= 1 


Cc = ? 
After Instruction 

W = 1 

C = 1 ;result is positive 
Before Instruction 

W = 3 

C = ? 
After Instruction 

Ww = FF 

Cc = 0 


; result is negative 
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BWE ubtract W_fromf 
Syntax: [ label] SUBWF _ fd 
Operands: O<f<127 Ss 
de [0,1] boon _ 
Operation: (f)-(W) — (dest) 


Status Affected: C, DC, Z 


[00 | cone | aeee] eee 


Description: Subtract (2's complement method) 
the W register from register “f”’. If “d” 
is O the result is stored in the W 
register. If “d” is 1 the result is stored 
back in register ‘fT’. 


Words: 1 


Cycles: 1 


Example 1: SUBWF REG1,1 
Before Instruction 
REG1=0 
W=1 
C=? 
After Instruction 
REG1 = FF 
W=1 . 
C=0 __ ; result is negative 
Example 2: Before Instruction 
REG1 = FF 
W=0 
C=? 
After Instruction 
REG1 = FF 
W=0 
C=1_ ; result is positive 


orn 


o 


Encoding: 





TE 


aR 





WAPE wap f XORLW Exclusive OR literal with W 
Syntax: [ label] SWAPF _ f,d Syntax: [ label] XORLW_ k 
Operands: O0<f<127 Operands: O0<k< 255 

de [0,1] Operation: (W) .XOR. k > (W) 
Operation: f<0:3> — d<4:7>, 


f<4:7> + d<0:3>: Status Affected: Z 


Status Affected: None Encoding: 











en 7 Description: The contents of the W register are 
Encoding: | oo | sai0| atet| eee | XOR’ed with the eight bit literal “k’. 
Description: The upper and lower nibbles of regis- _ The result is placed in the W register. 
ter “f’ are exchanged. If “d’isOthe — Words: 1 
result is placed in W register. If “d” is — ; 
1 the result is placed in register “f’. Cycles: 1 
Words: 1 Example: XORLW OxAF 
Cycles: 1 Before Instruction 
; W = OxB5 
Example: SWAPF REG, 0 
. After Instruction 
Before Instruction W = OxiA 
REG = O0xA5 . 
After Instruction 
REG = 0xA5 
W = Ox5A 
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XORWF Exclusive OR W with f 
Syntax: { label] XORWF f,d 
Operands: 0<f< 128 

de [0,1] 
Operation: (W) .XOR. (f) — (dest) 


Status Affected Z 


Encoding:  {_oo | o110 | age | sees | 


Description: Exclusive OR the contents of the W 
register with register “f’. If “d” is 0 the 
result is stored in the W register. If “d” 
is 1 the result is stored back in register 








ms i 
Words: 1 
Cycles: 1 
Example: XORWF REG, 1 
Before Instruction 
REG = OxAF 
W = O0xB5 
After Instruction 
REG = Ox1A 
W = 0xB5 
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16.0 DEVELOPMENT SUPPORT 


16.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


e PICMASTER™ Real-Time In-Circuit Emulator 
¢ PRO MATE™ Universal Programmer 

e PICSTART™ Low-Cost Prototype Programmer 
e Assembler 

e Software Simulator 


16.2 PICMASTER™: High Performance 


niversal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
_ compatible machines ranging from 80286-AT® class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows® 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 


emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: _ 

¢ Host-Interface Card 

¢ €mulator Control Pod 

¢ Target-Specific Emulator Probe 

e PC Host Emulation Control Software 


_ The Windows 3.1 System is a multitasking operating 


system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DDE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DDE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible | 
(e.g., asystem containing a PIC16CXX processor anda 
PIC17CXX processor). 


16.3 PRO MATE™: Universal Programmer — 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vpp and VrpP sup- 

plies which allows it to verify programmed memory at 

VbD min and VoD max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 

commands and a modular detachable socket assembly 

to support various package types. In stand alone mode 

the PRO MATE can read, verify or program PIC16C5X, 

PIC16CXX and PIC17CXX devices. It can also set fuse 

configuration and code-protect inthis mode. Its EEPROM: 
memory holds data and parametric information even 

when powered down. It is ideal for low to moderate 

volume production. 


FIGURE 16-1: PICMASTER SYSTEM CONFIGURATION 


Power Supply | 90-250 VAC 
(Optional) 


Power Switch 


Power Connector Interchangeable 


Emulator Probe 


. TL 
PC-Interface a | oe 


j ‘es 
} 


Gorin Wisriace Gard PICMASTER Emulator Pod Logic / [\\ & 
PC Compatible Computer Probes Va BRA\A 
(ATASA Bus) (for Industry Standard Architecture) ; \ 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VoD min, VDD max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular “programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


16.4 PICSTART™ Programmer 


The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
andefficient. The user interface is full-screen and menu- 
based. 


16.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXxX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


e Macro Assembly Capability 


. © Provides Object, Listing, Symbol and special files 


required for debugging with one of the Microchip 
Emulator systems. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


e Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


¢ Control Directives permit sections of conditionally 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


16.6 Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


16.7 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-1: 


TABLE 16-1: DEVELOPMENT SYSTEM 
PACKAGES 


foe ae System Description 


PICMASTER™ {| PICMASTER In-Circuit Emulator 
with your choice of Target Probe, - 
PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


PICSTART™ Low-Cost Prototype 
Programmer, Assembler, Software 
Simulator and Samples 






















PICSTART™ 
System 


16.8 Pr 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER Devices Maximum Operating 
PROBE Supported /|Frequency Voltage 


PROBE - 16F | PIC16C74 10 MHZ | 4.5V -5.5V 


ification 
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18.0 ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings t 


Ambient temperature under bias ...........-ccsscccccssssccsssesscecsussescssessessuseesensssesesessesssnsesstsssescrsnteeessstecreeseereeee “55 tO+ 125°C 
SHOLAGS TOMPOLAlUre wsasssescichis sescuscaeceeaussosesseseszensvascasnen snaseacesesveeisdessradeledenes soit devesavaipisamescaeusGiiowedaes - 65°C to +150°C 


Voltage on any pin with respect to Vss (except VoD and MCLR ).......esssssssssesesseessssseseseseseeeeees “O.6V to VDD +0.6V 
Vohage On: VDD WIN TESPOCTIOVSS sicscussccccesveseccsnedeasenstes esse vedecesescacechivcanascadeceaucdcisandecsiasesesdedvvasmbevesaccasacdsy 010475 V 


Voltage on MCLR with respect to VSS (Note 2) ....ccccscscscscsssesssssssssssssssssssessssanssssssssssssssseseseesssessssssesesseseaee O10 +14 V 
“Total power Dissipation (NOt: 1) vsisss.tieceseisésscsscoscuszssdecnteedessocseisouscsdadssdnsectcasdadessetoadsdasnesdeacdeadeuosedvesselesecarsenterstend 160 W 
Maximum, Current out of VSS pitt.cs sh... ichecncd accesses ae ec eieain aiceede aetna sees SOOMIA 
Maximum Current into: VOD: pln casseccescsiciccecctccceteventescacteladedvasddtveussdebsedeacseranatascavsudasaseesvivacaunevssteavecasedeacedosviciecd LOOMIA 
Input clamp current; 1k (Vi<O OF VIS VDD) cscscecessscstescivvecede cinhesadvassscucessassnsboessovenwduencssovsnstusssdenesupecedeiadheoeczeceaseta be OMA: 
Output clamp current, OK (VO <O OF VO>VDD) ........sssesssesseseesesseesseseserenssnsessncecsesessnsscsasseserscsesseseesserseeesersssesens LLOMA 
Maximum Output Current sunk by any I/O pit) ou... ce cetcccccsssceeecesssccerenscsseeesensenceeees satssese tenn scanuciiaoacveeesazeseanezes COMIN 
Maximum Output Current sourced by any I/O pin ..............scesssesssssescecccccccccccccccosccescsccessscesesessensecscacacsnssessecees QOMA 
Maximum Current sunk by Port A, Port B, and Port E (combined) ..........cscsscscsssssessssesssssssssesstsssssesssseeserssessssenes 2OOMA 
Maximum Current sourced by Port A, Port B, and Port E (combined) ................... shes upesteesseeuaatewnsdaueseecunseseuenccs/ COOUIA 
Maximum Current sunk by Port C and Port D (Combined) .................cseececsseceesssssseesteccseecssssscssseseesessesssecssererees COOMA 
Maximum Current sourced by Port C and Port D (COmbined)..............:ccssssceecccsssccseessssceesceetscesssceeereeessessscserees QOOMA 


Notes: 1. Power dissipation is calculated as follows: Pdis = Vpp x {IDD - > loh} + > {(VDD-Voh) x loh} + (Vol x lol) 
2. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 


a series resistor of 50-100Q should be used when applying a “low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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18.1 DC CHARACTERISTICS: PIC16074-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PiC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
40°C <TA<-+ 85°C for industrial and 
O°C <TA<-+70°C for commercial 
Operating voltage VoD = 4.0V 


Characteristic | Sym Conditions 


Supply Voltage a 


RAM Data Retention 
Voltage (Note 1) 


Voo start voltage to eset for details 
guarantee Power-On Reset 


Voo rise rate to guarantee NY On pr wer on reset for details 
Power-On Reset 


Supply Current (Note 2, 5) 
“2 a MHz, Voo = 5. BV. Nee 4) 


Posc configuration 
Fosc = 32 KHz, VoD = 4.0V, WDT disabled 


HS osc configuration 
Fosc = 20 MHz, Vop = 5. OV led hg 20) 


Power Down Current 
(Note 3, 5) Mee, a8 
Vpp = 4.0V, WOT enabled, - - to +85" C 
Vop = 4.0V, WDT disabled, 0° C to +70°C 
Vpb = 4.0V, WDT disabled, -40°C to +85°C 
Vop = 4.0V, WOT disabled, -40°C to:+125°C 


\A 
These parametérs 2 . & cterized but not tested. 
t : Datain "Tyg cafunn S at5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 


not tested. 





Notes: 1. This is the‘limit to which Vop can be lowered in SLEEP mode without losing RAM data. 

2. The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption. 

The test conditions for all oD measurements in active operation mode are: 


OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vop, RT = Vop, MCLR = Vpp; WOT 
enabled/disabled as specified. 

3. The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 

4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir = Vpbd/2Rext (mA) with Rext in kKOhm. 

5. Timer oscilator (when enabled) adds approximately xmA to the specification. This value is from character- 
ization and is for design guidance only. This is not tested. 
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18.2 DC CHARACTERISTICS: PIC16LC74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) ~ 









Standard Operating Conditions (unless otherwise stated) | 
Operating temperature -40°C <Ta<+ 125°C for automotive, 
| -40°C <TaA<-+ 85°C for industrial and 
—0°C «=< TAS< +70°C for commercial 
Operating voltage VDD = 2.5V to 6.0V 


DC CHARACTERISTICS — 









Characteristic 











Supply Voltage 






Voo start voltage to 
guarantee Power-On Reset 
Voo rise rate to guarantee 

Power-On Reset | 
























Power Down Current 
(Note 3, 5) 







. 
be AZ, VOD = 5.5V (Note 4) 
N §2, KHz, VOD = 


DD = 3.0V, WDT enabled, -40°C to +85°C 
Vob = 3.0V, WOT disabled, 0°C to +70°C 
Vop = 3.0V, WDT disabled, -40°C to +85°C 
Vo = 3.0V, WDT disabled, -40°C to +125°C 


* 


t : Data in "Typ" column is at 5V, 25°C 
not tested. 


Notes: 1. This is the limit t 
2. 


measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir = Vop/2Rext (mA) with Rext in kOhm. | 

5. Timer1 oscilator (when enabled) adds approximately xmA to the specification. This value is from character- 

ization and is for design guidance only. This is not tested. 
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18.3 DC CHARACTERISTICS: PIC16C74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard Operating Conditions (unless otherwise stated) 
DC CHARACTERISTICS Operating temperature -40°C < Tas +125°C for automotive, 
-40 < Ta s +85°C for industrial 
and 0°C < Ta < +70°C for commercial 
Operating voltage VoD range as described in DC spec tables 14.1 and 14.2 


Conditions 
















Characteristic 











Input Low Voltage 
1/0 ports 

- with TTL buffer 

- with Schmitt Trigger buffer 
MCLF, RA4/TOCKI, OSC1 
(in RC mode) 
OSC1(in XT, HS and LP) 
Input High Voltage 
1/0 ports 

- with TTL buffer 

- with Schmitt Trigger buffer 
MCLF 
RA4/TOCKI, RC<7:4>, RD<7.4>, 
RE<2:0>, OSC1 (XT, HS and LP) 
PortB weak pull-up current 
Input Leakage Current 
(Notes 2, 3) 
1/0 ports 


MCLF, RA4/TOCKI 
OSC1 


VIL 





Vss 
Vss 


Vss 








Vss 






VIH 














Vss < VPIN < VoD, Pin at hi-impedance 


Vss < VPIN < VoD 
Vss < VpIN < VoD , XT, HS and LP osc 


configuration 














Output Low Voitage 
1/0 Ports 






lo. = 8.5 mA, Vob = 4.5V, -40°C to +85°C 
lol = 7.0 mA, Vob = 4.5V, -40°C to +125°C 
lo. = 1.6 mA, Vob = 4.5V, -40°C to +85°C 

lo. = 1.2 mA, VoD = 4.5V, -40°C to +125°C 







OSC2/CLKOUT 











Output High Voltage 
I/O Ports (Note 3) 






IOH = -3.0 MA, VoD = 4.5V, -40°C to +85°C 
loH = -2.5 mA, Voo = 4.5V, -40°C to +125°C 
loH = -1.3 mA, VoD = 4.5V, -40°C to +85°C 

loH = -1.0 mA, Vob = 4.5V, -40°C to +125°C 
















Capacitive ioodiaj < 
Output Pins 
OSC2 pin 







In XT, HS and LP modes when 
external clock is used to drive OSC1. 











All 1/0 pins and OSC2 
(in RC mode) 
SCL, SDA in I?7C mode 






SS ODT cs 
ae 





t : Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
Notes: 1. In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. 
It is not recommended that the PIC16C74 be driven with external clock in RC mode. 


2. The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3. Negative current is defined as coming out of the pin. 

4. The user may use better of the two specs. 
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18.4 Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2ppS | 3. Tcc:st (I2C specifications only) 
2. TppS 7 4. Ts (I?C specifications only) 
T 
FO Frequency | T ‘Time 


Lowercase subscripts (pp) and their meanings: 


CCP1 
CLKOUT 
CS 

SDI 

SDO 
Data in 


I/O port 
MCLR 


Fall 

High 

Invalid (Hi-impedence) 
Low 


output access 
Bus free 


Tcc:st (I?C specifications only) 


Hold 


DATA input hold 
START condition 


OSC1 

RD 

RD or WR 
SCK 

Ss 

TOCKI 
T1CKI 
WR 


Period 

Rise 

Valid 

High Impedence 


High 
Low 





Setup 


STOP condition 





PARAMETER MEASUREMENT INFORMATION 


All timings are measured between high and low measurement points as indicated in the figures below. 





0.7 VoDXTAL ,,,;. 
os vorc “is 2 = ----- 2.0 Vop (High) 


0.3 Vopd XTAL (Low) 0.2 Vop (Low) 





0.15 Vop RC 
OSC1 MEASUREMENT POINTS /(O PORT MEASUREMENT POINTS 
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18.5 Timing Diagrams and Specifications 
External Clock Timing 





External CLKIN Frequency 
(Note 1) 


mode (PIC16C74-20) 
LP osc mode 
Oscillator Frequency RC osc mode 
(Note 1) , XT osc mode 
HS osc mode (PIC16C74-04 


PIC16LC64-04) 
HS osc mode (PIC16C74-20) 
LP osc mode 
External CLKIN Period XT and RC osc mode 


(Note 1) HS osc mode (PIC16C74-04, 

PIC16LC64-04) 
HS osc mode (PIC16C74-20) 
LP osc mode 
RC osc mode 

10,000 XT osc mode 

1,000 HS osc mode (PIC16C74-04 
PIC16LC64-04) 
HS osc mode (PIC16C74-20) 
LP osc mode 


XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 





tT : Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested. 

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are based on 
characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current consumption. 
All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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CLKOUT and I/O Timing 






CLKOUT 





zat i 12 
19! 29) a t8 + ‘ ' 













= DIETITIAN SOTTO 






/O Pin 


a ! ‘ me 
‘ ' \ V4 
(output) old value new value 


Pi — 20, 21 
















Note: All tests must be done with specified capacitive loads aaa datasheet) 50 pF on VO\pinSaqd CLROUT 




















CLKOUT and VO Timing Requirements 


ee ee 


| 11___|TosHackH| OSCiT to CLKOUTRYRO Meds) | =| 
| 13 TokF Pcuxourewimbe rode) |= 


| 44 | TekL2iov | BoE oes Enon evel 0.5Tcy+20 
RE 
aurea 
t ( RC mode) 
ses er nl 


TioV20SH | Port input sii to OSC1 
eee ea 
| 20 | TioR ~_—| Portoutputrisetime 
| 21 |TioF | Portoutputfalltime 


* These parameters are characterized but not tested. 
T : Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 





O5C1T (Q2 cycle) to Port input 
invalid (I/O in hold time) 
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Reset, Watchdog Timer, Oscillator Start-Up Timer and Power-Up Timer Timing 


Internal 
POR 


Internal 
RESET 


Watchdog 
Timer 
RESET 


ee QWatcHdog Yer Timeout Period 
6 Prescaler) Vop = 5V, -40°C to +125°C 


 Dagittation Start-up Timer Period tosc = OSC1 period 
Power up Timer Period Vop = 5V, -40°C to +125°C 


™ = parameters are characterized but not tested. 
t : Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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Timer0 and Timer1 Clock Timings 


RCO/T1CKI 


TimerO and Timer1 Clock Requirements 


i TOGKI High Pulse Wiath [No Presper XY [pS toys 20° | - [= 
| Wit Presoaler ST tor = | -_d 
a TOCKI Low Pulse Width [No Presodlag\. > [05 TCY+20"|- | -_| 


Fo ee 
NN 


ANwith Presgale> | toe  - 


TroP | TOCKI Period - Tcy + 40* Where N = prescale 
THH Re SOROS, No Prescaler | O.5Tcy + 20 
pfonous, With Prescaler 10* 
bee Jo Asynchronous 2 Tey 
Bal De Ti 7 Synchronous, No Prescaler 0.5Tcy + 20* 
Synchronous, With Prescaler 
IN Asynchronous 


Asynchronous 





* These parameters are characterized but not tested. 
ft: Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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Capture/Compare/PWM Timings (CCP1 and CCP2) 










RC1/T1CKO/CCP2 
and RC2/CCP1 
(Capture Mode) 


RC1/T1CKO/CCP2 
and RC2/CCP1 
(Compare or 

PWM Mode) 






Parameter 
No. 
TccL | CCP1 and COR2 “ | NoPrex 
input lowTime, Prescaler 


poe 

51 TccH nd CGP lo Prescaler O5Tcy+20 | - | 
pputnigh tiefie With Prescaler a aa 

ae 

aod 


rail idhehe. 
od 4 es ANS CGP2 input period Tey + 40 
N 
| = §3—s|: TecR NOCPYgnd CCP2 output rise time awe 
| 84 ae 


COPT and CCP2 output fall time 


* These parameters are characterized but not tested. 
t : Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 


) 














Ns 






N = prescale value 
(4 or 16) 
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Parallel Slave Port Timing 


REO/RD 


Parallel Slave Port mu ne 


rage om [ea 
Zils 
sll bei" Data In vAlid before WRT arora Coal 
setup time 
eae 
| 10 _| 


Typt 
ve ey “A or CST to data—in invalid 
ao hold time) 
a ear RDJ and CSJ to data—out valid aoe 
| 65s ThaHuti, | RDT or CSJ to data—out invalid hn eke 





ft : Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 


are not tested. 
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SPI Mode Timing 














SCK 
(CKP = 1) ! 

! VV . Vy, o 
spo 00.9.0, Ga 


Pp i+ 75, 76 























SPI Mode Requirements 


i» Z| 


oO. 
Wc == 7550 al le 
TssL2scL, Sk 
Uae ie 
‘ic 

72 Af put tow Tcy + 20 
a ae Oe a i 
| |raesee Yoon eone PP | TO | 
¥escl j SCK edge 
a 
CK edge 
- 
76 | 10 | 
io 
hal 
" al 





Boil ad Nese bed Mec 









: 


2) 


S 
SDO data output rise time 
SDO data output fall time 


esa 
Ma = 
hi-impedence 
ee | 
master mode 
TscF SCK output fall time 
(master mode) 


25 





t : Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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?C Bus Start/Stop Bits Timing 








START 
Condition 






°C Bus Start/Stop Bits Requirements 


rl ee Oe 
oO. . 
= START conditi fio KHemode | 4700 =| _ 







Conditions 
















Only relevant for repeated 
START condition 
After this period the 
first clock pulse is generated 







Setup time A, \40g4znode | 600] - | - | 
THo:sta| START condition, 189 KHz mode [4000] - | - 

Hol tke.” Cfo Kz mode | 600 || 
ee Se 
KSetiprime N.Y” [400 KHz mode | 600 | - | - 

Stor ee 4ooo| -_| - 
Sates” foie [oo] [| 


o 
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I?C Bus Data Timing 








4 : ' 
93>! t- <— 90 —> 
’ tot ‘ 
| @— 91 > 
SCL ! t i 
—> 80 + ' ' 
' t 4 96 |; 1 
1 ' i] | 
; <t+—, 97 
> B81 i+ 
' 
SDA 
IN i 
i) t 
1 i] 
Yn 
> 99 a— 99 —P, 


sot XXXXXXXXXXMK 





?C Bus Data Requirements 


rane 
Characteristic : 
ee eee 
THIGH | Clock high time | 100 KHz mode } ae eee 4must operate at a 

( ~Naingyr of 1.5 MHz 
400 KHz mode \> PIC #6C74 must operate at a 
oN Mninimum of 10 MHz 
\4 


SSP Module 


| 1.5 Tey 
Tiow | Clocklowtime | 100 KHz mode | AN SHY PIC16C74 must operate at a 
J\\ Nua minimum of 1.5 MHz 











400 KHz mode 3 ‘N\\/| us | PIC16C74 must operate at a 
GS bs minimum of 10 MHz 


Cr TLE 





Uv 
re) 
= 
My 
3 
S 
=| 











SSP Module’. NNTcy fo - | 
TR | SDA and SCL f mw AY [| 1000} ns [| —Csi—CSCisS 
i rise time g med 2830/1 a all Chis specified to be from 
N\ 10-400 pF 
93 Tr | SDA and SCL mn we PD - = — | 300 | ns | St —(iti‘“s*sSCSCSCS 
fall time Q AONE | 20+0.1 Cb Gale Cb is specified to be from 
p. 10-400 pF 
80 RE ee Only relevant for repeated 
setup time. @o0 KHz mode | 06 | - | us_ | START condition 
81 ieee eC ee ee After this period the 
{ tirke/ Moo KHzmode | 06 | - | us __| first clock pulse is generated 
ls 
A paid ine > [400 KHz mode | 0 | 09 [us _| 
Bai ee ee 
| sefup 1400 KHz mode |__ 100. | - | ns | 
setup time [400 KHzmode| 06 | - [us | 
99 | Tak | Output valid 1100 Ke mode_}__:__1900_n_{ Note 4 
from clock }400KHzmode|- S| - | - | TTC™C~—~—SY 
100 TeuF | Busfreetime |100KHzmode| 4.7 | - | us_ | Time the bus must be free 
poem: eo | ee before a new transmission can 
|__| Co |Buscapacitiveloadng | - [| 400{pF [| 


= 
2g 
@ 

=~ 


As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 


2: A fast-mode |?C-bus device can be used in a standard-mode /I?C-bus system, but the requirement tsu;DAT2250ns must then 
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device 
does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA linet, max.+tsu;DAT=1000+250=1250ns 
(according to the standard-mode I?C bus specification) before the SCL line is released. 
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SCI Module: Synchronous Transmission (Master/Slave) Timing _ 
RA5/TX/CK 7 
pin 


RA4/RX/DT 
pin 


Serial Port Synchronous Transmission Requirements 


YNC XMIT (MASTER & SLAVE 

tckH2dtV | Clock high to data out valid 
| Clock out rise time and fall time 
ial . — Mode) 


RAS/TX/CK 
pin 


RA4/RX/DT 
pin 


Characteristic 


SYNC RCV (MASTER & SLAVE) 
tdtV2ckL | Data hold before - 
CK J (DT setup time) 
tokL2dtt Data hold after 
CK J (DT hold time) 
| t: Data in “Typ* column is at 5V, 25°C unless otherwise stated. These parameters are for eoaen guidance only 
and are not tested. 
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18.6 A/D CONVERTER PIC16C6X/7X-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
CHARACTERISTICS: PIC16C6X/7X-20 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
PIC16LC6X/7X-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 


Characteristic Conditions 


REF = VDD = 512V, Vss < Ain < VREF 


NintT | Integral error REF = VOD = 512V, Vss < Ain < VREF 


+1 LSB / \ 
Noir | Differential error ee Vss < Ain < VREF 
Full scale error A ass < Ain < 


VReF | Reference voltage 3.0V 


VAIN | Analog input voltage | Vss-0. 


Recommended 






















cD 

” 

”n 
-_ 
_ 
is) 

= 
<i< 









SF 


impedance of analog 
voltage source 


A/D conversion current 
(VoD) 


VReF input current 





During sampling 
All other times 







a 
Ba} 





* 


These parameters are characte 


Note 1: Sampling time may ve less (Cc 


Note 2: When A/D is of apsume any current other than minor leakage current. The power down current spec includes 
any such /é D module. 
Note 3: VREF cufren RAS pin or Vod pin, whichever is selected as reference input. 
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18.7 A/D CONVERTER _ PIC16LC6X/7X-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
CHARACTERISTICS: : 7 7 | | 


ee 
0. 
|| Na [Resolution | | its] = 
fm fw eas | 
| ) +1 LSB 
aia ol 
| +1 LSB “o™ 
a a a 
| +1 LSB fox 
a ica aC 
, +1 LSB 
aaa 


[= [Monotonicty | [ouarantees|- K-16 












Conditions 












VreF = VoD = 3.0V (Note 1 
VREF = VoD = 3.00 (Note 1) 





ee) 



















impedance of analog 
voltage source 


VReEF input current 
(Note 4) ax 


* These parameters are charactérizéq® : 
t : Data in “Typ” column is at 5V, ssotherwise stated. These parameters are for design guidance only and 












Average current consumption when 
A/D is on. (Note 2) 
During sampling 

All other times 






V4 


Note 1: Sampling time me e} if source impedance is smaller (or higher). Also note that sampling begins after 
2tad delay after2 ig eOmpleted. | 

Note 2: When A/D js’off,J : sume any current other than minor leakage current. The power down current spec includes 

: the’“A/D module. 


Note 3: VREF currenN RA3 pin or Voo pin, whichever is selected as reference input. 
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A/D Conversion Timing 


BSF ADCON, GO X 


121 








me 120 <— 
' 


i] 
ADC CLK <—122-» EN 
1 


a j } 
BES Ga C5 ES EP Es Ce Se ee Gee 
— ra 
ADRES on OLD_DATA LIS NEW_DATA 
— 
4 
a 
3 





ADC DATA 


ADIF 


Cae, 
GO V DONE 
SAMPLE SAMPLING SVORREDN ee 
Se eaae 


A/D Conversion Requirements 


a 
il nme Re le He 


ADCS1,0 = 00 (for tosc > 1 ss) 
ADCS1,0 = 01 (for tosc > 0.25 ps) 
ADSC1,0 = 10 (for tosc > 50 ns) 
ADSC1,0 = 11 (RC oscillator source) 


PIC16LC74 
PIC16C74 
121 
122 AG The minimum time is the amplifier 


settling time. This may be used of 
the "new" input voltage has not 
changed by more than 1 Lsb 

(i.e. 20mMV @ 5.12V) from the last 
sampled voltage (as stated on 


HOLD/° 


* These parameters are characterized but not tested. 





t: Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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19.0 DC AND AC CHARACTERISTICS (GRAPHS/TABLES) 


NOT AVAILABLE AT THIS TIME 
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20.0 PACKAGING INFORMATION 
See Section 11 in the Data Book (pages 7). 


20.1 Package Marking Information 





44L PLCC Example 
TBD TBD 

44L PQFP Example 
TBD TBD 

40L PDIP (.600 mil) Example 


PIC16C74-04 


P126 
a © 
OR AABB CDE 9042 CDA 
Microcap KX 





O MicrRocEP 
40L Cerdip Example 

RIGROCHIP 

MMMMMMMMMM PIC16C74 

MMMMMM 

AABB CDE 9038 CBA 





MM...M = Microchip part number information 
XX...X Customer specific information* 


AA Year code (last 2 digits of calendar year) 
BB Week code (week of January 1 is week '01') 


Cc Facility code of the plant at which wafer is manufactured 
C = Chandler, Arizona, U.S.A. 


D Mask revision number 


E Assembly code of the plant or country or origin in which 
part was assmebled 


Note: In the event the full Microchip part number can not be marked on one line, it will be 
carried over to the next line thus limiting the number of available characters for 
customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week code, facility 
code, maskrev #, and assembly code. For OTP marking beyond this, certain price adders 
apply. Please check with your Microchip Sales Office. For QTP devices, any special 
marking adders are included in QTP price. 
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APPENDIXA _ 


The following are the list of modifications over the 
PIC16C5X microcontroller family: 


1. 


10. 
11. 


12. 


13. 
14. 
15. 


16. 


17. 


Instruction word length is increased to 14 bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 


A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 

Data memory paging is redefined slightly. Status 
register is modified. 

Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 


Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5x. 


OPTION.and TRIS registers are made addressible. 
Interrupt capability is added. Interrupt vector is at 
0004h. 


Stack size is increased to 8 deep. 
Reset vector is changed to 0000h. 


Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis- 
ters are reset differently. 


Wake up from SLEEP through interrupt is added. 


Two separate timers oscillator start-up timer (OST) 
and power-up timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


PortB has weak pull-ups and interrupt on change 
feature. 


RTCC pin is also a port pin (RA4) now. 
FSR is made a full eight bit register. 


"In system programming" is made possible. The 
user can program PIC16CXX devices using only 


five pins: Vop, Vss, MCLR/Vpp, RB6 (clock) and 
RB7 (data in/out). 


PCON status register is added with a Power-on- 
Reset (POR) status bit. 


Code protection scheme is enhanced such that 
portions of the program memory can be protected, 
while the remainder is unprotected. 


APPENDIX B 


- Toconvert code written for PIC 16C5X to PIC16CXX, the 
user should take the following steps: 


1. 


Remove any program memory page select opera- 
tions (PA2, PA1, PAO bits) for CALL, GOTO. 
Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them. 


Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


Change reset vector to 0000h. 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
CompuSserve communications network. In most cases 
~ a local call is your. only expense. The Microchip BBS 
‘connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8 bit, No parity, and One stop 
_ (8N1). This is not the normal CompuServe setting 
which is 7E1. 


2. Dial your local CompuServe phone number. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


in the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name :, type 


NETWORK<ENTER> and follow CampuSecie s direc- 
tions. 


* For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 
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PIC16C74 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 


or the listed sales offices. 


‘PART NO. -XX X /XX XXX 


q Patter: 


Package: 


Temperature 
Range: 


Frequency 
Range: 


3-Digit Pattern Code for QTP/SQTP (factory specified) 
(blank for OTP and Windowed Parts) 


P 


L 
PQ 
JW 


PDIP (600 mil) 

PLCC 

MQFP (Metric PQFP) 
CerDIP (600 mil) 


0°C to +70°C (T for tape/reel) 
-40°C to +85°C (S for tape/reel) 
40°C to +125°C 


4 MHz 
20 MHz 


Examples: 
a) PIC16C74 - 04/P 
= Commercial temp.., 
DIP (600 mil) package, 
4 MHz, standard V po limits, 
OTP part 
b) PIC16C74 - 041/PQ462 
= Industrial temp., 
MOFP package, 4 MHz, 


standard V po limits, 
pattern #462 
(QTP or SQTP parts) 


PiC16C74_ : Standard VoD range 
PIC16LC74 : Extended V DD range 


Device: 





Sales and Support 











Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MicROCHIP P C1 6C84 


8-Bit CMOS EEPROM Microcontroller 








FEATURES FIGURE A - PIN CONFIGURATION 
High Performance RiSC-like CPU 


Only 35 single word instructions to learn PDIP, SOIC 
All instructions single cycle (400ns) except for pro- 
gram branches which are two-cycle 
Operating speed: DC - 10 MHz clock input 

DC - 400ns instruction cycle 


RA1 

RAO 
OSC1/CLKIN 
OSC2/CLKOUT 


<p 
<P 
<—_ > 
—> 
+ 
<—__ 


V89D9LDid 





e 14-bit wide instructions Vop 
° 8-bit wide data path nae dest 
¢ 1024 x 14 on-chip EEPROM program memory <-> RBS 
e 36 x 8 general purpose registers (SRAM) => RB4 
e 15 special function hardware registers 
e 64 x 8 EEPROM data memory 
e Eight-level deep hardware stack 
° Direct, indirect and relative addressing modes CMOS Technology 
e Four interrupt sources: e Low-power, high-speed CMOS EEPROM technology 
- External INT pin e Fully static design 
- TMRO timer overflow ¢ Wide-operating voltage range: 
- PORTB<7:4> interrupt on change - Commercial: 2.0V to 6.0V 
- Data EEPROM write complete - Industrial: 2.0V to 6.0V 
e 1,000,000 ERASE/WRITE cycles (Typical) - Automotive: 2.0V to 6.0V 
e Data Retention >40 years e Low-power consumption 
- <2mA @ 5V, 4 MHz 
Peripheral Features - 15pA typical @ 2V, 32 KHz 
¢ 13 I/O pins with individual direction control - < 1pA typical standby current @ 2V 
¢ High current sink/source for direct LED drive 
- 25mA sink max. per pin INTRODUCTION 
- 20mA source max. per pin 
¢ TMRO: 8-bit real time clock/counter with 8-bit The PIC16C84 is a high-performance, low-cost, CMOS, 
programmable prescaler fully-static 8-bit microcontroller with 1K x 14 EEPROM 
program memory and 64 bytes of EEPROM data memory. 
Special Microcontroller Features It is the second member of an enhanced family of 
© Power-On Reset PIC 16CXX microcontrollers (customers familiar with the 
° Power-up Timer PiC16C5X products may refer to Appendix A for a list of 
¢ Oscillator Start-up Timer enhancements). 
e Watchdog Timer (WDT) with its own on-chip RC Its high performance is due to instructions that are all 
oscillator for reliable operation single word (14-bit wide), which execute in single cycle 
e Security EEPROM fuse for code-protection (400ns at 10 MHz clock) except for program-branches 
e Power saving SLEEP mode which take two cycles (800ns). 
* User selectable oscillator options: The PIC16C84 has four interrupt sources and an eight 


- RC oscillator: RC 


level hardware stack. 
- Crystal/resonator: XT 


- High-speed crystaV/resonator: HS The peripherals include an 8-bit timer/counter with an 

é Power-saving, low-frequency crystal: LP 8-bit prescaler (effectively a 16-bit timer) and 13 bi- . 
° Serial, In-System Programming (ISP) of EEPROM directional I/O pins. The high current drive (25mA max. 

program and data memory using only two pins sink, 20mA max source) of the /O pins help reduce 


external drivers and therefore, system cost. 


The PIC16C84 product is supported by an assembler, 
an in-circuit emulator and a production quality program- 
mer. These tools are supported on IBM PC® and 
compatible machines. 
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FIGURE B - PIC16C84 BLOCK DIAGRAM 
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1.0 GENERAL DESCRIPTION 


The PIC16C84 is a low-cost, high-performance, CMOS, 
fully static, EEPROM-based 8-bit microcontroller. The 
EEPROM program memory is intended to be used for 
code development as well as One-Time-Programmable 
memory for full production. The program memory can 
not be updated during code execution. However, a 
special "in-system-programming" capability using only 
two pins to serially input and output data allows users to 


update program code of the PIC16C84 embedded in a 


system. The EEPROM data memory (64-bytes) is 
readable and writable during normal execution at full 
VobpD range (2.0V - 6.0V). 


The PIC16C84 employs an advanced RISC-like archi- 
tecture. A reduced set of 35 instructions, single word 


instructions (14-bit wide), single cycle instructions ex- | 


cept for two-cycle program branches, instruction pipe- 
lining, large register set and separate instruction and 
data memory (Harvard architecture) schemes are some 
of the architectural innovation used to achieve very high 
performance. The PIC16C84 typically achieves a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers in its class. 


The PIC16C84 is equipped with special features to 
reduce external components and thus reduce cost, 
enhance system reliability and reduce power consump- 
tion. There are four oscillator options, of which the single 
pin RC oscillator provides a low cost solution and the LP 


oscillator minimizes power consumption. The SLEEP. 


(power down) mode offers power saving. The user can 
wake up the chip from SLEEP through external inter- 
rupts and reset. 


Ahighly reliable watchdog timer with its own on-chip RC 
oscillator provides protection against software malfunc- 
tion. | 


1.1 Compatibility with PIC16C5X 


Those users familiar with the PIC16C5X family of micro- 
controllers will realize that this is an improved version of 
the PIC16C5X architecture. Please refer to Appendix A 
for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to the PIC16C84 (see 
Appendix B). 


1.2 Applications 


The PIC16C84 fits perfectly in applications ranging from 
high speed automotive and appliance control to low- 
power remote sensors, electronic locks and security 
devices. The PIC16C84 is also ideal for smart cards and 
RF tags. The EEPROM technology makes customiza- 
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages for through 
hole or surface mounting make this microcontroller 
series perfect for all applications with space limitations. 


Low-cost, low-power, high-performance, ease of use 
and I/O flexibility makes the PIC16C84 very versatile — 
even in areas where no microcontroller use has been 
considered before (e.g. timer functions, replacement of 
“glue” logic in larger systems, co-processor applica- 
tions). 


Additionally, the In System Programmability of the 
PIC16C84 (using only two pins for data transfer) offers 
flexibility to customize a product after complete assem- 
bly and test. 


This feature can be used to serialize a product, store 
calibration data available only after final test or to up- 
grade the firmware on finished goods. 


2.0 PIC16C84 DEVICE VARIETIES 


Avariety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the “PIC 16C84 Product Iden- 
tification System” on the back page of this data sheet to 
specify the correct part number. 


uick-Turnaround-Prod 
Devices 


Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. AllEEPROM program memory locations and fuse 
options already programmed by the factory. Certain 
code and prototype verification procedures do apply 
before production shipments are available. Please con- 
tact your Microchip Technology sales office for more. 
details. 


2.2 Serialized Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
few locations in each device is programmed with a 
different serial number. The serial number may be 
random, pseudo-random or sequential. 


Serial programming allows each device to have a unique 
number which can serve as entry-code, pass-word or ID 
number. 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16C84 can be attrib- 
uted to a number of architectural features commonly 
found in RISC microprocessors. To begin with, the 
PIC16C84 uses a Harvard architecture, in which, pro- 
gram and data are accessed from separate memories. 
This improves bandwidth over traditional Von-Neuman 
architecture where program and data are fetched from 
the same memory. Separating program anddatamemory 
further allows instructions to be sized differently than 
8-bit wide data word. In PIC16C84, op-codes are 14-bit 
wide making it possible to have all single word instruc- 
tions. A 14-bit wide program memory access bus fetches 
a 14-bit instruction ina single cycle. A two-stage pipeline 
overlaps fetch and execution of instructions. Conse- 
quently, all instructions (35) execute in a single cycle 
except for program branches. 


3.1 - PIC16C84 PINOUT DESCRIPTION 










OSC1/CLKIN 
OSC2/CLKOUT 









RA4/TOCK! 


/ 
/ 
pao | 
exe | vo 
/ 
/ 
/ 
/ 


VO 


1/0 
1/0 
1/0 

0 
1/0 
1/0 





Pinname | + oi Normal operation Serial In-System Programming 
yP (ISP) Mode 


Goud round 
Clock input/oscillator connection er eae 


1/0 | Oscillator connection/CLKOUT output. It is CLKOUT in RC 
oscillator mode and oscillator connection in all other modes. 
MCLR/VpPp Master clear (external reset) input. Active low. 





Open-drain output/input pin. It is also the clock input to TMRO 
timer/counter: Schmitt trigger input buffer 


Bidirectional 1/0 pin. TTL input levels 


Bidirectional 1/0 pin. TTL input levels 


Bidirectional 1/0 pin. TTL input levels 


CO Bidirectional 1/0 pin. TTL input levels a ee 
RBO/INT vO Bidirectional 1/0 pin/External interrupt input. TTL input levels Le 


/ Bidirectional 1/0 pin. TTL input levels a Sra 
vo | Bidirectional 1/0 pin. TTL input levels Clock input 
Bidirectional 1/0 pin. TTL input levels Data input/output | 


The PIC16C84 address 1K x 14 program memory space, 
all on-chip. Program execution is internal only 
(microcontroller mode). 


The PIC16C84 can directly or indirectly address its 48 
register files or data memory. All special function 
registers including the program counter are mapped in 
the datamemory. The instruction set is fairly orthogonal 
(symmetrical) which makes it possible to carry out any 
operation on any register using any addressing mode. 
This symmetrical nature and lack of ‘special optimal 
situations’ make programming with the PIC16C84 simple 
yet efficient. In addition, the learning curve is reduced 
significantly. 












Master clear. Apply high voltage (VPP) 
to enter programming mode. 













Legend: | = input, 0 = output, 1/0 = input/output, P = power. - = Not used. 
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FIGURE 3.2.1 - CLOCK/INSTRUCTION CYCLE 


' 
, | 
' 





3.2 Clocking Scheme/instruction Cycle 


The clock input (from pin OSC1) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, the PC is 
incremented every Q1, an instruction is fetched from the 
program memory and latched into instruction register in 
Q4. It is decoded and executed during the following Q1 
through Q4. The clocks and instruction execution flow 
is shown in Figure 3.2.1. 


3.3 Instruction Flow/Pipelining 


An “Instruction Cycle” consists of Q1, Q2, Q3 and Q4 
cycles. The Instruction fetch and execute cycles are 
pipelined such that fetch takes one instruction cycle 
while the decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction. 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. 


The fetched instruction is latched into the “Instruction 
Register (IR)” which is decoded and executed during 
Q2, Q3 and Q4. Data memory is read during Q2 (oper- 
and read) and written during Q4 (destination write). 


3.4 Program Memory Organization 


The PIC16C84 has a 13-bit wide program counter 
(Figure 3.4.1) capable of addressing an 8K x 14 program 
memory space. Only the first 1K x 14 (0000h - O3FFh) 
are physically implemented. Accessing alocation above 


3FFh will cause a wrap-around within the first 1K x 14 - 


space. The reset vector is at O00Oh and the interrupt 
vector is at 0004h. 


The EEPROM program memory of the PIC16C84 is 
rated for limited Erase/write cycles. To program the 
program memory, the part must be put into a special 
mode by raising MCLR pin to high voltage (see section 


11.5 for programming specification). Also, VOD must be 
4.5V to 5.5V during programming. The PIC16C84 is not 
suitable for applications where program memory is 
updated in the user application frequently. 


The program memory can be programmed serially using 
two data/clock pins (see Section 11) which makes in- 
system programming (ISP) possible. This allows the 
user to customize the system during final testing or 
upgrade a system in the field. 


FIGURE 3.4.1 - PROGRAM MEMORY MAP 
AND STACK 


PC <12:0> 


Stack Level 1 
Stack Level 2 


Stack Level 8 





Reset Vector 


Interrupt Vector 


On-chip 
Program 
Memory 
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3.5 Program Counter Module FIGURE 3.5.1 - LOADING OF PC IN 


The program counter (PC) is 13-bits wide. The low byte, DIFFERENT SITUATIONS 


PCL is a readable and writable register. The high byte 
of the PC, PCH, is not directly readable or writable. The 
high byte of the PC can be written through the PCLATH 


register (OAh). When the PC is loaded with a new value INST with PCL 
during a CALL, GOTO or a write to PCL, the high bits of - (02h) as dest 
PC are loaded from PCLATH as shown in Figure 3.5.1. (ae ae ALU result 


3.6 Stack 


The PIC16C84 has an 8-deep x 13-bit wide hardware 
stack. The stack space is not part of either program or 
data space and the stack pointer is not readable or 
writable. The PC is pushed on the stack when a CALL 
instruction is executed or an interrupt is acknowledged. 
The stack is popped in the event of a RETURN, RETLW 
or RETFIE instruction execution. PCLATH (OAh) is not 
affected by a PUSH or a POP operation. 


3.7 Register File Organization 


The register file is organized as 128 x 8. It is accessed 
either directly or indirectly through the file select register 
FSR. Itis also referred to as the datamemory. Thereare 
several register file page select bits in the STATUS 
register allowing up to four pages. However, data 
memory extends only up to 2Fh. The first 12 locations 
are used to map special function registers. Locations 
OCh - 2Fh are general purpose registers implemented 
as static RAM. Some special function registers are 
mapped in page 1. When in page 1, accessing locations 
8Ch - AFh will access the RAM in page 0 (Figure 3.7.1). 


3.7.1 REGISTER FILE ADDRESSING MODES 
| EEADR | EECON2 | 
The register file can be addressed directly or indirectly. PCLATH 


In both modes, up to 512 register locations can be INTCON 
addressed. 


Direct addressing mode: An effective 9-bit direct ad- 


36 Mapped 
dress is obtained by concantenating 7-bits of direct General in page 0 
address from the opcode and two bits (RP1, RPO) from facietare 
the status register as shown in figure 3.7.1.1. (SRAM) 
Indirect addressing mode: Indirect addressing is pos- 


sible by using file address OOh (INDF). Any instruction 
using INDF as file register actually accesses data pointed 
to by the file select register, FSR. Reading INDF itself 
indirectly will produce 00h. Writing to INDF indirectly 
results in a no-operation (although status bits may be 
affected). An effective 9-bit address is obtained by 
concantenating the 8-bit FSR register and the IRP bit 
from the status register as shown in Figure 3.7.1.1. 


Please note that some special function registers are 
mapped in page 1. It will be necessary to set RPO bit to 
address them. Both RP1 and IRP bits are essentially not 
used. 


For convenience, the general purpose registers are 


mapped both in page 0 and page 1. PageQ —- Page 1 


* Not a physical register 
ES Unimplemented data memory locations; reads as ‘0's 
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FIGURE 3.7.1.1 - DIRECTANDIRECT ADDRESSING 


Direct Addressing | Indirect Addressing 


6 from opcode | IRP (FSR) 9 


Pe} CCEPirr) h) COOP 


page select location select location select 


Note: For memory map detail, see figure 3.7.1 





FIGURE 3.7.2 - REGISTER FILE SUMMARY (PIC16C84) 


oe ee ee 


PA a a | 
00 INDO Uses contents of FSR to address data memory (not a physical register) | 


Value on power 
on reset 

























































































| 8 Bit Real Time clock counter | XXXXXXXX_— | 
Low order 8 bits of PC 
| os statrus | RP | Rpt? | RPO | To | po | z [| oe | Cc | ooorixxx | 
Indirect data memory, address pointer 0 
| 05 PORTA | CT - C-  RAwet| RAS | a2 | RAT {| RAO | 
| 06 =SssPoRTB FC | Sey, | ee || es | Res | Res S| Ree | ei | Roomy] EC 
se ee joer ee 
EEPROM Data Register 
EEPROM Address Register 
Holding register for high byte of PC (Note 1) | 
bc ME Bil id Raid Blo Ball Kase Bell Rawal 
ee a ee eer es eee 
MAPPED IN PAGE 0. ania 
L__81__opTION, | RBPU | INTEDG | ATS | ATE | PSA | Ps2_| psi | PSO {| 11111111 | 
[82 PCL —~+«|_-“MappedinpageOC“‘“SCS™*™*S*S*S*S™S*S*S*S**S*SC~*S*C“—SC~s“‘“‘“sLC‘C(‘C(UC(S” 
| 838 staTuS | MappedinpageO 
| 84 FSR | MappedinpageO 
PORTA (f05) data direction register 
Net poring [ 
| 88 cEcON? S| TT | IE | ~WRERR | WREN | wr | RD | 0000x000 
| 89 EECON2 _—|__Notaphysicalregister | 
| 8A PCLATH | MappedinpageO 
F88_INTCON | _MappedinpageOSOC~—~—SC“‘“‘*S*‘“‘“‘;S*drC‘CWNCCS 
Notes: 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for x = unknown 
PC<15:8> whose contents are updated from or transfered to the upper byte of the program counter. u = unchanged 
: = 
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3.8 Indirect Addressing Register 


It is not a physical register. Addressing INDF will cause 
indirect addressing. See Section 3.7.1.1 for details. 


3.8.1 TMRO 


8-bit real time clock counter. See Section 6.4 for details. 


3.8.2 PCL 
Low order 8-bits of the PC. See Section 3.5 for details. 


3.9 STATUS Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for data 
memory. 


The STATUS register can be the destination for any 
instruction like any other register. However, the status 
bits are set following the write operation (Q4). Further- 
more, TO and PD bits are not writable. Therefore, the 
result of an instruction with STATUS register as destina- 
tion may be different than intended. For example, CLRF 
STATUS will clear all bits except for TO and PD and then 
set the Z bit and leave STATUS register as O0OOUU100 
(where U = unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because these instructions do not affect any 
status bit. 


For other instructions, affecting any status bits, see the 
section “Instruction Set Summary” (see Section 4.0). 


















TABLE 3.9.2.1 - EVENTS AFFECTING PD/ 
WDT Timeout 
Note: AWDT timeout will occur regardless of the status of the TO 


TO STATUS BITS 
SLEEP instruction 
bit. A SLEEP instruction will be executed, regardless of the 


Event _{76 | Bo Remarks 
CLRWODT instruction 
status of the PD bit. Table 3.9.2.2 reflects the status of PD 


Power-up 
} No effect on PD 
0 
1 
U: unchanged 
and TO after the corresponding event. 


3.9.1 CARRY/BORROW AND DIGIT CARRY/ 
BOR iT. 


The carry bit (C) is a carry out in addition operations 
(ADDWF, ADDLW) and a borrow out in subtract opera- 
tions (SUBWF, SUBLW). The following examples ex- 


plain operation of carry/borrow bit: 
;SUBLW Example #1 








MOVLW 0x01 ;wreg=1 
SUBLW 0x02 ;wreg= 2-wreg = 2-1=1 
;Carry=1: result is positive 


;SUBLW Example #2 


MOVLW 0x02 ;wreg=2 
SUBLW 0x01 ;wreg=1-wreg=1-2=FFh 
;Carry=0: Result is negative 


;SUBWF Example #1 


clrf 0x20 ;£(20h) =0 

movlw 1 ;wreg=1 

subwf 0x20 ;£(20h) =£ (20h) -wreg=0-1=FFh 
;Carry=0:Result is negative 


;SUBWF Example #2 

movlw OxFF ; 

movwf£ 0x20 ; £ (20h) =FFh 

clrw ;wreg=0 

subwf 0x20 ; £ (20h) =£ (20h) -wreg=FFh-0=FFh 
;Carry=1: Result is positive 

The digit carry operates in the same way as the carry bit, 

i.e.: it is a borrow in subtract operations. 


3.9.2 TIME OUT AND POWER DOWN STATUS 
BIT PD 


The TO and PD bits in the status register can be tested 
to determine if a RESET condition has been caused by 
a Watchdog Timer time-out, a power-up condition or a 
wake-up from SLEEP by the Watchdog Timer or MCLR 
pin. 

These status bits are only affected by events listed in 
Table 3.9.2.1. 





TABLE 3.9.2.2 - PD/TO STATUS AFTER 
RESET 


i 


WDT wake-up from SLEEP 
WDT time-out (not during SLEEP) 
MCLR wake-up from SLEEP 
Power-up 

MCLR reset during normal operation 



















U: unchanged_ 
Note: The PD and TO bit maintain their status until an event of 

Table 3.9.2.1 occurs. Alow-pulse on the MCLR input does 
not change the PD and TO status bits. 
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FIGURE 3.9.1 - STATUS REGISTER 


RW RW RW = R Sor a 


ADDRESS: . 03h 
RESET CONDITION: 0007?XXX 
TO, PD are set or reset as shown in Table 3.9.2.1 


Ot CARRYBORAOW BIT: 

For ADDWF, SUBWF , ADDLW and SUBLW instructions, this bit is set if 
there is a carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's complement of 
the second operand. For rotate (RRF, RLF) instructions, this bit is 
loaded with either the high or low order bit of the source register. 


DIGIT CARRY/BORROW BIT: 
For ADDWF, SUBWF , ADDLW and SUBLW instructions, this bit is 
set if there is a carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 
Reset otherwise. Additionally, MOVF instruction will affect the Z bit. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This bit is 
cleared to “O" by a SLEEP instruction. 


TIME-OUT BIT: 
Set to "1° during power up and by the CLRWDT and SLEEP 
command. This bit is cleared to "0" by a watchdog timer time out. 


REGISTER PAGE SELECT BITS FOR DIRECT 
ADDRESSING: 
00 : page 0 (00h - 7Fh) 
RP1,0: 01 : page 1 (80h - FFh) 
10 : page 2 (100h - 17Fh) 
11 : page 3 (180h - 1FFh) 
Each page is 128 bytes. 
Only RPO is useful in PIC16C84. Bit RP1 can be used as a general 
purpose read/write bit. However, this may affect upward compatibility with 
future products. 


REGISTER PAGE SELECT BITS FOR INDIRECT ADDRESSING: 
IRPO: 0 : page 0,1 (00h - FFh) 
1 : page 2,3 (100h - 1FFh) 
This bit is effectively not used in the PIC16C84. 
It may be used as a general purpose read/write bit. However, this may 
affect upward compatibility with future product. 








DS30081C-page 10 [> re | i nn f IN alr VW © 1994 Microchip Technology Incorporated 


2-544 


PIC16C84 








3.10 Arithmetic and Logic Unit (ALU) 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register) or the 
accumulator. The other operand is a file register or an 
immediate constant. In single operand instructions, the 
operand is either the W register or a file register. 


3.11 W Register 


The W register is an 8-bit working register (or accumu- 
lator) used for ALU operations. It is not in the data 
memory. 


3.12 Interrupts 


The PIC16C84 has four sources of interrupt: 
e external interrupt from RBO/INT pin 
e TMRO timer/counter overflow interrupt 
e end of data EEPROM write 
e interrupt on change on RB<7:4> pins 


The interrupt control register (INTCON, addrOBh) records 
individual interrupt requests in flag bits. It also has 
individual and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 


The RETFTE instruction allows user to return from inter- 
rupt and enable interrupt at the same time. 


The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interrupt flag bit(s) must be cleared in software before re- 
enabling interrupts to avoid recursive interrupts. 








FIGURE 3.12.1 - INTERRUPT LOGIC 
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3.12.1 INT INTERRUPTS 


External interrupt on RBO/INT pin is edge triggered: 
either rising (if INTEDG = 1, OPTION<6>) or falling (if 
INTEDG = 0). When a valid edge appears on INT pin, 
INTF bit is set (INTCON <1>). This interrupt can be 
disabled by clearing INTE control bit INTCON<4>. The 
INTF bit (INTCON<1>) must be cleared in software in 
the interrupt service routine before re-enabling this 
interrupt. The INT interrupt can wake up the processor 
from SLEEP if INTE bit was set prior to going into 
SLEEP. The status of the GIE bit decides whether or not 
the processor branches to the interrupt vector following 
wake-up. See Section 5.5 for details on SLEEP and 
Figure 5.5.1 for timing of wake-up from SLEEP through 
INT interrupt. 


FIGURE 3.12.1.1 - INT PIN INTERRUPT TIMING 


3.12.2 TMRO INTERRUPT 


An overflow (FFh — 00h) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing TOIE (INTCON<5>) bit. See 
Section 6.4 for details. | | 


3.12.3 PORT RB INTERRUPT 


An input change on PORTB <7:4> will set the RBIF 
(INTCON<0O>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing RBIE (INTCON<4>) bit. 


3.12.4 EEPROM WRITE INTERRUPT 


The EEPROM write interrupt flag, EEIF (EECON1<4>) 
when a data EEPROM write is complete. The interrupt 
can be masked by clearing the EEIE bit (INTCON<6>). 
See Section 6.1 for details on EEPROM write interrupt. 


ai| a2| a3| a4| at| a2| a3] as| ar] az] as| a4| ar| a2| as| as] ar| az] as| a4 


INT pin 


_INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION FLOW 


Instruction 
fetched Inst (PC) ; ; Inst (PC + 1) 


Instruction 
acted Inst (PC “0 | . inst (PC) 

Notes: . 

1. INTF flag is sampled here (every Q1) 


Inst (0004h) inst (0005h) 


Dummy cycle Dummy cycle Inst (0004h) 


2. Interrupt latency = 3-4 Tcy where Tcy = instruction cycle time. 
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 


3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 


5. INTF is enabled to be set anytime during the Q4-Q1 cycles. 
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FIGURE 3.12.2 - INTCON REGISTER 


RW RW RW Rw RW OR ORE Address: | OBh | R/W: Readable & 


writable 
te | BENE ve INTE] RBIE or eer Power on reset R: Read only 


bitO value: 0000 000Xb | U: Unused, 
read as ‘0' 


RB port change interrupt flag 
Set when RB<7:4> inputs 
change. Reset in software 


INT interrupt flag 
Set when INT interrupt occurs 
Reset in software 


TMRO overfiow interrupt flag 
Set when TMRO overflows 
Reset in software 





RBIF interrupt enable bit 
RBIE = 0: disables RBIF interrupt 
RBIE = 1: enables RBIF interrupt 


INT interrupt enable bit 
INTE = 0: disables INTF interrupt 
INTE = 1: enables INTF interrupt 


TMRO interrupt enable bit 
TOIE = 0: disables TOIF interrupt 
TOIE = 1: enables TOIF interrupt 


EEPROM write interrupt enable bit 
EEIE = 0: Disable EEIF interrupt 
EEIE = 1: Enable EEIF interrupt 


Global interrupt enable 
0 = Disable 
1 = Enable 
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4.0 SPECIAL FEATURES OF THE CPU 


What sets apart a microcontroller from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16C84 has a host of such features 
intended to maximize system reliability, minimize cost 
through elimination of external components, provide power 
saving operating modes and offer code protection. 


The on-chip Watchdog Timer can only be shut off through 
an EEPROM fuse. It runs off its own RC oscillator for 
added reliability. There are two timers that offer neces- 
sary delays on power-up. One is the Oscillator Start-up 
Timer (OST), intended to keep the chip in reset until the 
crystal oscillator is stable. The other is the power-up 
timer (PWRT), which provides a fixed delay of 72ms 
(nominal) on power-up only, designed to keep the part in 
reset while the power supply stabilizes. With these two 
timers on chip, most applications need no external reset 
Circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, watchdog timer time-out or inter- 
rupt. Several oscillator options are also made available 
to allow the part to fit the application. The RC oscillator 
option saves system cost while the LP crystal option 
saves power. Aset of EEPROM configuration bits (fuses) 
are used to select various options (Section 5.6). 


4.1 RESET 


- The PIC16C84 differentiates between various kinds of 


reset: 

a) Power on reset (POR) 

b) MCLR Reset during normal operation 

c) MCLR reset during SLEEP 

d) WOT time-out reset during normal operation 
e) WDT time-out reset during SLEEP 


Some registers are not reset; they are unknown on POR 
and unchanged in any other reset. Most other registers 
are reset to “reset state” on Power-On Reset (POR), on 
MCLR or WDT reset during normal operation and on 





MCLR reset during SLEEP. They are not affected by a 


WODT reset during SLEEP, since this reset is viewed as 
the resumption of normal operation. There are a few 
exceptions to this. The PC is always reset to all 0’s 
(0000h). Finally, TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Section 3.9.1. These bits are used in software to 
determine the nature of reset. See Table 5.1.1 for a full 
description of reset states of all registers. 


4.2 Power-On Reset (POR), Power-up Timer 
PWR n illator -up Timer 


(OST) 
Power-On Reset (POR): A Power-On Reset pulse is 


generated on-chip when VbD rise is detected (in the 
range of 1.2V to 1.8V). To take advantage of the POR, 
just tie MCLR pin directly (or through a resistor) to VoD. 
This will eliminate external RC components usually 
needed to create Power-On Reset. 





FIGURE 4.0.1 - SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


we 
External 


Reset 


WDT WDT 
Module Time-out 
Reset 
Voo rise i 
detect Power On Reset 


OST/PWRT 
OST ee O 
i > 10 bit Ripple counter - - Chip_Reset 


ee ee 


> 10 bit Ripple counter Lee 
[ ; 

oe 

eg 

= 

cs 

2 

2 

a 

ui 


POWER_UP 
(Enable the PWRT timer 
only if it is power_up.) 


Enable OST 


POWER_UP +WAKE_UP) (XT + LP) 
Enable the OST if it is power_up or wake_up 
from SLEEP and OSC type is XT or LP) 
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TABLE 4.1.1 - RESET CONDITIONS FOR REGISTERS 


Register | Address | Power-on reset | WDT time-out WDT time-out | MCLR reset MCLR reset Wake-up 
reset during reset during during normal| during SLEEP| through 
normal operation | SLEEP operation interrupt 


uuuu UuUuU uuuu uuuy uuuu UuUuUuU uuuu uuuUu uuuu UuUuU 


uuuu UUuUuU uuuu uuuy uuuUu uuUuU uuuu uuuUu uuuu uuUuUu 


0001 1xxx 0000 luuu 000u uuuu } 0001 Ouuu 
uuuu uuuU uuuu uuuUu 


Legend: - = unimplemented, reads as '0' u = unchanged 


uuuu UuUuU uuuu uuuUu uuuu UuuUuU 
uuuu uuuUu uuuu uuUuU 


eee Se ae 
0000 000u uuuUuUuUUU * 


xX = unknown 


* Inthe event of wake-up through interrupt, one or more of the interrupt flags will be set. Other bits in INTCON will remain unchanged. 





t WRERR (bit3) will be set if reset occurred during EEPROM write. 


The POR circuit does not produce internal reset when 
Vpbp declines (or goes through a brown-out). 


Power-up Timer (PWRT): The power-up timer provides 
a fixed 72ms time-out on power-up only, from POR. The 


power-up timer operates on an internal RC oscillator. 
The chip is kept in reset as long as PWRT is active. The 
PWRT delay allows the VppD to rise to an acceptable 
level. A configuration fuse, PWRTE can enable (if = 1) 
or disable (if = O or programmed) the Power-up Timer 
(Section 5.6). 


The power-up time delay will vary from chip to chip and 
due to VoD and temperature. See DC parameters for 
details. 


Oscillator Start-up Timer (OST): The Oscillator Start-up 
Timer (OST) provides 1024 oscillator cycle (from OSC1 


input) delay after the PWRT delay is over. This guaran- 
tees that the crystal oscillator or resonator has started 
and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 


Time-out Sequence: On power-up the time-out se- 
quence is as follows: First PWRT time-out is invoked 
after POR has expired. Then Tost is activated. The 
total time-out will vary based on oscillator configuration 
and PWRTE fuse status. For example, in RC mode with 
PWRTE setto '0'(PWRT disabled), there will be no time- 
out at all. Figures 5.2.1, 5.2.2 and 5.2.3 depict time-out 
sequences. Table 5.2.1 shows time outs on power-up 
versus wake-up from SLEEP. 


Since the time-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately. 
This is useful for testing purposes or to synchronize 
more than one PIC16C84 operating in conjunction. 





TABLE 4.2.1 - TIME-OUT IN VARIOUS 

















SITUATIONS 
Oscillator Wake up from 
Configuration}; PWRTE =1/ PWRTE = 0 SLEEP 
EO, LSE ee EEE el 
XT,HS,LP | 72ms+ | 1024 tosc Rca 
1024 tosc 
aE ee Cre ae ee ee eee 
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FIGURE 4.2.1 - TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): Case 1 






INTERNAL POR | 








PWRT TIME-OUT | a <—tosT—> 


OST TIME-OUT eee, Sane: ee as 
INTERNAL RESET eee eee eeerees saan 


FIGURE 4.2.2 - TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): Case 2 


VDD 








MCLR 


INTERNAL POR SS ee ee | etaee er ee ee ee eee ee ee 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET eee eee nee ee 


FIGURE 4.2.3 - TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vpp) 





MCLR 


oo 


INTERNAL POR 


PWRT TIME-OUT ~ | ees 


OST TIME-OUT 5 I 
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DS30081C-page 16 [> rel fl An) f nN él FW © 1994 Microchip Technology Incorporated 
2-550 . 


PIC16C84 





FIGURE 4.2.4 - EXTERNAL POWER 4.3 Watchdog Timer (WDT) 
ON RESET CIRCUIT 


The watchdog timer is realized asa free running on-chip 
RC oscillator which does not require any external com- 
ponents. That means that the WDT will run, even if the 
clock on the OSC1 and OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. The WDT can be permanently disabled by 





‘ me programming the configuration fuse WDTE as a '0' 
Ze picieces (Section 5.6). tes 
4.3.1 WDT PERIOD — 

Notes: | 
1. External power on reset circuit is required only if The WDT has a nominal time-out period of 18ms, (with 
VDD power-up slope is too slow. The diode D helps no prescaler). The time-out periods vary with tempera- 
discharge the capacitor quickly when VDD powers ture, VOD and process variations from part to part (see 
down. DC specs). If longer time-out periods are desired, a 
- R < 40KQ is recommended to make sure that prescaler with a division ratio of up to 1:128 can be 


voltage drop across R does not exceed 0.2V (max 
leakage current spec on MCLR pinis 5A). Alarger 
voltage drop will degrade ViH level on MCLR pin. 


assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 


3. Fil = 1000 to 7102 will limit any current flowing into The “CLRWDT" and "SLEEP" instructions clear the 
MCER from extemal: capacitor Gin te event of WDT and the prescaler, if assigned to the WDT, and 
MCLR pin breakdown due to ESD or EOS. : ere . : ‘ 

prevent it from timing out and generating a device 





| RESET condition. 
FIGURE 4.2.5 - BROWN OUT PROTECTION The status bit TO in STATUS register will be cleared 
CIRCUIT 1 upon a Watchdog Timer timeout. 
4.3.2 WDT PROGRAMMING 
CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. WOT 
prescaler) it may take several seconds before a WDT 
MCLR ‘time-out occurs. 


PIC16C84 


Notes: 
1. This circuit will activate reset when VDD goes 
below (Vz + 0.7V) where Vz = Zener voltage. 





FIGURE 4.2.6 - BROWN OUT PROTECTION 
CIRCUIT 2 


MCLR 


PIC16C84 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 


R1 
DDe ——_— =0.7 V. 
R1+R2 a 
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4.4  Qscillator Co nfigurations 
4.4.1 OSCILLATOR TYPES 


The PIC16C84 can be operated in four different oscilla- 
tor options. The user can program two configuration 
fuses (FOSC1 and FOSCO) to select one of these four 
modes. | | oe 


FIGURE 4.4.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 


> To internal 
logic 


Rs may be necessary in HS mode or in XT mode for AT strip- 
. Cut crystals. See Tables 5.4.1 and 5.4.2 for recommended 
values of C1, C2 and Rs. . 





TABLE 4.4.1- CAPACITOR SELECTION FOR 




















| CERAMIC RESONATORS 
Oscillator | Resonator | Capacitor Range 
Type Frequency C1=C2 
XT 455 KHz 150 - 330 pF 
2.0 MHz 20 - 330 pF 
4.0 MHz. 20 - 330 pF 


| HS | 10.0MHz | 20-200pF_ 


Note: Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for design 
guidance only. Since each resonator has its own character- 
istics, the user should consult the resonator manufacturer for 
appropriate values of external components. 


4.4.2 CRYSTAL OSCILLATOR 
In XT, HS, or LP modes a crystal or ceramic resonator 


is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 5.4.1). 


FIGURE 4.4.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


Clock from ext. > OSC1 
system PIC16C84 


Open OSC2 





TABLE 4.4.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 


Osc 
Type 


LP 32 KHz 30 pF 30-50 pF 

100 KHz 15 pF 15 pF 

200 KHz |. 0-15 pF 0-15 pF 
100 KHz } 200 - 300 pF 

200 KHz 100 - 200 pF 

455 KHz 15 - 100 pF 
1 MHz 15 - 30 pF 
2 MHz 


Note: Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for design 
guidance only. Rs may be required in HS mode as well as XT 
mode to avoid overdriving crystals with low drive level speci- 
fication. Since each crystal has its own characteristics, the 
user should consult the crystal manufacturer for appropriate 
values of external components. 
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4.4.3 RC OSCILLATOR 


For timing insensitive applications the "RC" device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external R and C components used. Figure 
4.4.3 shows how the R/C combination is connected to 
the PIC16C84. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 3 
kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See Section 8.0 for RC frequency variation from part to 
part due to normal process variation. The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for “smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). ; 


See the characteristics in Section 8.0 for variation of 
oscillator frequency due to VpD for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C and Vop values: 


In RC mode, the oscillator frequency, divided by 4, is 
available on the OSC2/CLKOUT pin, and can be used 
for test purposes or to synchronize other logic (see 
Figure 3.2.1 for timing). 

The WDT is cleared when the device wakes up from 
SLEEP,.regardless of the source of wake-up. 


FIGURE 5.4.3 - RC OSCILLATOR (RC 
TYPE ONLY) 


OSC1 


PIC16C84 
OSC2/CLKOUT 
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4.55 Power Down Mode (Sleep) 


The power down mode is entered by executinga SLEEP 
instruction, | 


If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
/O ports maintain the status they had, before the SLEEP 
command was executed (driving high, low or hi-imped- 
ance). 7 


For lowest curent consumption in this mode, all 1/O pins 
should be either at Vpp, or Vss, with no external circuitry 
drawing current from the I/O pin. I/O pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Vpp or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PORTB should be considered. 


The MCLR pin must be at a logic high level (VIHMCc). 
It should be noted that a RESET generated by a WDT 
time out does not drive MCLR pin low. 


4.5.1 WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of the 
following events: 





a. External reset input on MCLR pin 
b. Watchdog Timer time-out reset (if WOT was enabled) 


c. Interrupt from INT pin, RB port change or data 
EEPROM write completion. 


The first event will cause a device reset. The two latter 


events are considered a continuation of program execu- 
tion. The TO and PD bits in the STATUS register can be 
used to determine the cause of device reset. PD bit, 
which is. set on power-up is cleared when SLEEP is 


invoked. TO bitis cleared if WDT time-out occurred (and 


caused wake-up), 3 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GIE bit. If the GIE bit is clear 
(disabled), the device continues execution at the instruc- 
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP instruction and the branches to the interrupt 
address (0004h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NOP after the SLEEP instruction. 





The WDT is cleared when the device wakes-up from 
sleep, regardiess of the source of wake-up. 


FIGURE 4.5.1.1 - WAKE UP FROM SLEEP THROUGH INTERRUPT 


F flag 
(INTCON <1>) 


(INTCON <7>) 


Inst (PC + 2) Inst (0004h) Inst (0005h) 


Inst (PC + 1) Dumm 


|___ Dummy cycle | ~—_—_Iinst (0004h) 


Notes: 
1. XT, HS or LP oscillator mode assumed 
2. tost = 1024 tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3. GIE = 1 assumed. in this case after wake up processor jumps to interrupt routine. 
If GIE = 0, execution will continue in line. 
4. CLKOUT is not available in these osc modes, but shown here for timing reference. 
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4.6 Configuration Fuses 


The PIC16C84 has five configuration fuses which are 
EEPROM bits. These fuses can be programmed (reads 
'0') or left unprogrammed (reads '1') to select various 
device configurations. These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
test/configuration memory space (2000h - 3FFFh). How- 
ever, through a special mode, this location can be 
accessed during programming. 


See the description of fuses in Figure 4.6.1. 


4.7 ID Locations 


The PIC16C84 has four ID locations (2000h - 2003h) 
mapped in the test program memory for storing code 
revision number, manufacturing information or other 
useful information. As with the configuration word, these 
locations are readable and writable through a program- 
mer. They are not accessible during normal code 
execution. 


If the chip is code protected, it is recommended that the 
user uses only the lower seven bits of the ID locations 
and program the higher seven bits as '0'. This way the 
ID locations will be readable even after code protection. 


FIGURE 4.6.1 - CONFIGURATION WORD 
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4.8 Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuse (CP). 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations are protected against programming. 


The code protected data EEPROM can be read and 
updated by the CPU in normal operation. All EEPROM 
data memory locations can not be programmed nor can 
they be read out in normal operation (ie, programming 
modes, test modes). 


Once code protected, the CP fuse can be erased only 
through a chip erase. A chip erase will erase EEPROM 
program and data memory before erasing the code- 
protect fuse. Refer to PIC16C84 programming specifi- 
cation for details. 


4.8.1 VERIFYING A CODE-PROTECTED 
PART 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
"OOO00000xxxxxxx" (binary) where X is 1 or 0. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 
protecting it. 


b. Next, blow its code protection fuse and then load its 
contents in a file. 


c. Verify any code-protected PIC 16C84 against this file. 


EEPROM data memory can not be verified after code 
protection. The user can embed code for self testing the 
data memory in the program. 


bitO 


13 5 4 
pf cP] PwrTE | WOTE | Fosc1| FOSCo | Addr: 2007h 


C1 
eee oe 


OSC selection fuses: 
FOSC1, FOSCO: 
00: LP oscillator 
01: XT oscillator 
10: HS oscillator 
11: RC oscillator 


WDT enable fuses: 
WDTE = 1: WDT enabled 
WDTE = 0: WDT disabled 


Power-up timer enable fuse: 
PWRTE = 1 power-up time enabled 


PWRTE = 0 power-up timer disabled 


Code protection fuse: 
CP=1 code protection off 
CP=0 _ code protection on 


Unimplemented. Read as '1's. 





DS30081C-page 21 





PIC16C84 





5.0 OVERVIEW OF PERIPHERALS 


The PIC16C84 has 13 I/O pins organized as two I/O 
ports, PORTA (5 bit) and PORTB (8-bit). There is one 
general purpose timer/counter, TMRO which 8-bit wide 
with 8-bit programmable prescaler. It is separate from 
the Watchdog Timer. The PIC16C84 also has a 64x 8 
EEPROM data memory accessible through an 8-bit data 
register and address register. 


FIGURE 5.1.1 - BLOCK DIAGRAM OF 
RAO - RA3 PINS 


PORT“ 


> CK Q 
Data Latch 
| cata Q DX 


I/O pin 


"RD 
PORT" 


Note 1: I/O pins have protection diodes to VDD and 
VSS. 


TABLE 5.1.1 - PORTA FUNCTIONS 























TRISA 


Notes: 1: x= unknown, - = unimplemented, reads as a ‘0’. 





| RAO ——sid.:—sébito Input/output port. TTL input levels 


Input/output port. TTL input levels 


RAO 
PRAI | itt, 
| RAZ __|_bit2|_ input/output port. TTL inputlevels 
Ras | bits 1 
bit4; input/output port. Output is open 


External clock input for TMRO timer/counter 
collector type. Input is Schmitt trigger type. 


TABLE 5.1.2 - SUMMARY OF PORTA REGISTERS 


RegisterName | __- Function | Address 


PORTA PORTA pins when read O5h 
PORTA latch when written 


PORTA data direction register 


input/output port. TTL input levels 








2: For reset values of registers in other reset situations refer to table 5.1.1. 


5.1 PORTA 


PORTA is a 5-bit wide port with pins RA<4:0>. Port pins 
RA<3:0> are bidirectional whereas RA4 has a open- 
collector output. PortA is file register 05h. Its corre- 
sponding direction control register TRISA is mapped in 
page 1 of register file at address 85h. TRISA is a five- 
bit wide register with bits <4:0> physically implemented. 
Refer to Figures 5.1.1 and 5.1.2 for block diagrams of 
PORTA pins. 


FIGURE 5.1.2 - BLOCK DIAGRAM OF RA4 PIN 


trigger \¢/ 
input buffer 


“RD PORT 
a TMRO clock input 


Note 1: I/O pins have protection diodes to VSS. 








Alternate Function 


Power-on Reset Value 





~--X XXXX 


85h Aen. AA 
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5.2 PORTB 


PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A'‘'1' in TRISB sets the corre- 
sponding port pin as an input. Reading PORTB register 
reads the status of the pins whereas writing to it will write 
to the port latch. See Figures 5.2.1 and 5.2.2 for block 
diagrams of the PORTB pins. 


Each of the PORTB pins has a weak internal pull-up 
(~100 pA typical). The weak pull-up is automatically 
turned off if the port pin is configured as an output. 
Furthermore, a single control bit RBPU (OPTION<7>) 
can turn off (RBPU is set) all the pull-ups. The pull-ups 
are disabled on Power-On Reset. 


PORTB has an interrupt on change feature on four of its 
pins, RB<7:4>. When configured as input, the inputs on 
these pins are sampled and latched on the Q1 cycle of 
aread. The new input is compared with the old latched 
value in every instruction cycle. An active high output is 


FIGURE 5.2.1- BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 


"WR TRIS" 


Note: 1. Portlatch = 1 and TRISB = 1 enables weak pull-up if 
RBPU = 0 in OPTION register. 
2. /O pins have diode protection to Vop and Vss. 





generated on mismatch between the pin and the latch. 
The “mismatch” outputs of RB4, RB5, RB6 and RB7 are 
OR’ed together to generate the RBIF interrupt (latched 
in INTCON<0>. Any pin configured as output is ex- 
cluded from the comparison. Thisinterrupt can wake the 
chip up from SLEEP. The user, in interrupt service 
routine can clear the interrupt in one of two ways: 


a) Disable the interrupt by clearing RBIE INTCON<3> 


bit. 
b) Read PORTB. This will end mismatch condition, 
then clear RBIF bit. | 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. 


Finally, port pin RBO is multiplexed with external inter- 
rupt input INT. 


FIGURE 5.2.2 - BLOCK DIAGRAM OF PORT | 
PINS RB<3:0> we 


"RD Port" 


Note: 1. DDR = 1 enables weak pull-up if RBPU = 0 in OPTION register. 
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TABLE 5.2.1 - PORTB FUNCTIONS 


| _PortPin [pit | ——PinFunction S| Altermate Function 
RBO/INT — | Input/output port pin. TTL input levels and internal | External interrupt input 
7 software programmable weak pull-up 
Input/output port pin. TTL input levels and internal 
software programmable weak pull-up 
Input/output port pin. TTL input levels and internal - 
software programmable weak pull-up 
Input/output port pin. TTL input levels and internal - 
software programmable weak pull-up | | 7 
RB4 Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 
Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 
RB6 Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 
RB7 bit7 























Input/output port pin. TTL input levels and internal Interrupt on port change 





software programmable weak pull-up 


TABLE 5.2.2 - SUMMARY OF PORTB REGISTERS 


[RegisterName | Function = |_—Address_ | Power-on Reset Value 

= — 
PORTB latch when written 7 

86h ye eee 

Weak pull-up on/off control (RBPU bit) 88h $014: Ata 
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5.3 VO Programming Considerations 
.3.1_ BIDIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the 
pin itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a “O" or 1“ should not be driven 
from external devices at the same time in order to 
change the level on this pin ("wired-or", “wired-and"). 


FIGURE 5.3.1 - SUCCESSIVE /O OPERATION 


The resulting high output currents may damage the chip. 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 


EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN VO 
PORT 


; Initial PORT settings: PORTB<7:4> Inputs 
; PORTB<3:0> Outputs 
; PORTB<7:6> have external pull-up and are not 
; connected to other circuitry. 


PORT latch PORT pins 


BCF PORTB, 7 ; Olpp pppp lipp pppp 
BCF PORTB, 6 ; 10pp pppp lipp pppp 
BSF STATUS, RPO ; 

BCF TRISB, 7 ; 10pp pppp llpp pppp 
BCF TRISB, 6 ; 1lOpp pppp 10pp pppp 


; Note that the user may have expected the pin 
3; values to be OOpp pppp. The 2nd BCF caused RB7 
3 to be latched as the pin value (High). 


5.3.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
4.5.2.1). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/O port. 


, at} G2] a3] 4! ar cal a3}a4' ar} a2] a3] a4) at! ae] a3] a4 | Note: 


PO POOP et OK PC 2 PC +3 


t 
Instruction, MOVWFPORTB 1 MOVFPORTB,W: | 
fetched Write to PORTB ' ReadPORTB ! 
4 
t 


This example shows write 
to PORTB followed by a 
read from PORTB. Note 
that the data setup time = 


NOP 





frequencies, write followed 
by a read may be 
problematic. 


1 sampled here , 
t _— ' 
Execute TPO Execute ' Execute 
MOVWEF PORTB ' MOVF PORTB, W'! NOP 


] 

i] 

i] i] 
| | (0.25 TCY - TPD) where 

RB (7:0) ! ! ' : : 
uo 1 1 ' TCY = instruction cycle. 
' | | Port pin ' | Therefore, at higher clock 
t 

| 4 

| 

] 

' 
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5.4 _ TIMERO (TMRO) Module 


The TMRO module timer/counter has the following fea- 
tures: 


e 8-bit timer/counter | 

e Readable and writable (file address 01h) 
¢  §8-bit software programmable prescaler 

e Internal or external clock select 

e Interrupt on overflow from FFh to 00h 

e Edge select for external clock 


Figure 5.4.1 is a simplified block diagram of the TMRO 
module. 


Timer mode is selected by clearing the RTS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 


FIGURE 5.4.1: TIMERO (TMRO) BLOCK DIAGRAM 


PROGRAMMABLE 
PRESCALER 


-PS2, PS1, PSO 


two cycles (see Figures 5.4.2 and 5.4.3). The user can 
work around this by writing an adjusted value to the 
TMRO module. 


Counter mode is selected by setting the RTS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by control bit RTE. 
(OPTION<4>). Clearing the RTE bit selects the rising 
edge. Restrictions on the external clock input is dis- 
cussed in detail in Section 5.4.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by control bit, PSA (OPTION<3>). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1:2, 1:4, ..., 1:256 are selectable. Section 5.4.3 
details the operation of the prescaler. 


DATA BUS 


SYNC WITH 
INTERNAL RTCC (8) 
CLOCKS 


(2 CYCLE DELAY) 


SET TOIF 
INTERRUPT 
ON OVERFLOW 


Notes: 1. Bits, RTE, RTS, PS2,PS1, PSO AND PSA are located in OPTION register. 
2. The prescaler is shared with Watchdog Timer (refer to Figure 7—6 for detailed diagram). 





FIGURE 5.4.2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 






‘ 1 ‘ 
' ' ‘ 
' ‘ ' 
: ; Write TMRO 
t ' t 








pan ey ee Oe OL ee ee a aa 
COUNTER) (——~soq I COOK 
INST = MOVWEF TMRO MOVF TMRO, W MOVF TMRO, W MOVF TMRO, W MOVF TMRO, W ! MOVF TMRO, W 
; ; 
: ; : ' ' , 
TMRO AX XT XN XT XN XN TNT) 





Read TMRO 
executed ,  teads NRT 






Read TMRO 
reads NRT + 1 


Read TMRO 
reads NRT + 2 


t f] ’ ‘ 
1 i] () i] 
1 t i] ' 
ReadTMRO | ReadTMRO ' ' ! 
readsNRT  , reads NRT ' ! 






FIGURE 5.4.3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1:2 


‘ t 
\ 


Qt 12 103 1Q4! Q11 C2103 1Q4! Qt] C2 1031 G4! G1! C2 | G31 4! G11 C2131 AF | QI! C2131 Q4! O11 G21 G3 1a4' Q11@2 1081 a4! 


' a ’ ' 1 
oS CE =; TG oS ee oS Go GE oY ee oe PC +6 
4 $ i 


' 
‘ 
1 ' ' ' ‘ 
1 MOVWF TMRO »« MOVF TMRO,W ; MOVF TMRO,W 1 MOVF TMRO,W 1+ MOVFTMRO,W . MOVF TMRO, W : ' 
1 
' 
! 


4 1 ' ‘ 
Rr XRT +1 XO ORT+2 X_, SE NRAT OX COUNRAT OX UNA + 1 NAT +2 


Read TMRO 
reads NRT + 1 


Read TMRO Read TMRO 
reads NRT +2 reads NAT + 3 


' ' t 
' ' ‘ 
‘ ' ‘ 
' t ‘ 
a s ' 
f] i t) 


t ‘ 
' ‘ 
t 1 
Read TMRO ' Read TMRO ' 
reads NRT reads NRT : 
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5.4.1 TIMERO (TMRO) INTERRUPT 
TMRO interrupt is generated when the TMRO module 


When _no prescaler is used, Psout (Prescaler output, 


see Figure 4.2.1) is the same as TMRO clock input and 


therefore the requirements are: 
timer/counter overflows from FFh to 00h. This overflow 


sets the TOIF bit. The interrupt can be masked by TRTH == TMRO high time 2 2tosc + AT 
clearing the TOIE bit (INTCON<5>). The TOIF bit (See parameter #40) 
(INTCON<2>) must be cleared in software by the TMRO TRTtL =  TMRO low time = 2tosc + AT 
module interrupt service routine before re-enabling this (See parameter #41) 


interrupt. The TMRO module interrupt can not wake the When prescaler is used, the TMRO module input is 


processor from SLEEP since the timer is shut off during divided by the asynchronous ripple counter-type prescaler 
SLEEP. See Figure 5.4.4 for TMRO interrupt timing. and so the prescaler output is symmetrical. 





Then: 
ING _TMRO WIT A K PsouT high time = PsouT low time = No Ter 
When external clock input is used for TMRO, it is syn- where 
chronized with the internal phase clocks. Therefore, the TRT = TMRO input period 
external clock input must meet certain requirements. 
N = prescale value (2, 4, ...., 256). 


Also, there is some delay from the occurance of the 


external clock edge to the actual incrementing of TMRO. The requirement is, therefore: 


Referring to Figure 5.4.5, the synchronization is done ee > 2tosc + AT, or TRT= tose At 
after the prescaler. The output of the prescaler is 

sampled twice in every instruction cycle to detect rising where 

or falling edges. Therefore, it is necessary for PSOUT to AT = small RC delay 

be high for at least 2 tosc and low for at least 2 tosc (see Timing Specifications). 
where: 


The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 10 ns 
is required. In summary, the TMRO module input re- 
quirements are: 


tosc = oscillator time period. 


TAT = TMRO period 2 (4 tosc + 2 AT)/N 
TRTH = TMROhigh time = AT 
TRTL =  TMRO low time 2 AT 


FIGURE 5.4.4: TIMERO (TMRO) INTERRUPT TIMING 


ai! a2{| az] as! ai! a2| a3| as] ar] a2| as] as] ar] a2| az] as| ar] a2] as| as] ar| ae] as] as 


TOIF bit 
(INTCON <2>) 


GIE bit 
{INTCON <7>) 
INSTRUCTION FLOW 


Instruction 
fetched Inst (PC) 


instruction 
uacuted inst (PC - 1) 


Notes: 

1. TOIF interrupt flag is sampled here (every Q1) 

2. Interrupt latency = 4 Tcy where Tcy = instruction cycle time. 
3. CLKOUT is available only in RC oscillator mode. 
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Delay from external clock edge: Since the prescaler 


output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 5.4.5, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within +4 tosc (+200ns @ 
20 MHz). 


5.4.3 PRESCALER 


An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the Watchdog Timer, 
respectively (see Figure 5.4.6). For simplicity, this counter 
is being referred to as "prescaler* throughout this data 


sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignment for the TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 


The PSA and PS2-PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF TMRO, MOVWF 
TMRO, BSF TMRO,x ....etc.) will clear the prescaler. 
When assigned to WDT, a CLRWDT instruction will clear 
the prescaler along with the Watchdog Timer. The 
prescaler is not readable or writable. 


FIGURE 5.4.5: TIMERO TIMING WITH EXTERNAL CLOCK 


Qt} C21 G3] 4 Qt! Cal Asi Q4 ' QI! C2! GB! G4 | QI! C2! GBI a4 | 


Small pulse 1 
misses sampling 


‘ (note 3) { 


EXT CLOCK INPUT OR ; 
PRESCALER OUT (NOTE 2) : 


EXT CLOCK/PRESCALER ‘ 
OUTPUT AFTER SAMPLING 


INCREMENT TMRO (Q4) 


TMRO 
Notes: . ' 


R+1 


1. Delay from clock input change to TMRO increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 tosc max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 





FIGURE 5.4.6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 


-CLKOUT (=Fosc/4) 


—M 


TOCKI ,| ¥ 
Pin S x 
RTE 


RTS 


Watchdog 





-WDT Enable 
EPROM Fuse 


WDT 
Time-out 
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8 -to- 1 MUX 
0 1 


Preliminary 


Data Bus 
8 
SYNC 
2 TMRO 
CYCLES 
Set TOIF 


Interrupt 
on Overflow 


PSO - PS2 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register 
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4.4 SWITCHIN ALER ASSIGNMENT Steps 1 and 2 are only required if an external TMRO 
source is used. Steps 7 and 8 are necessary only if the 


The prescaler assignment is fully under software con- ; 
desired prescale value is '000' or ‘001’. 


trol, i.e., it can be changed “on the fly" during program 
execution. To avoid an unintended device RESET, the Tochange prescaler from the WDT to the TMRO module 
following instruction sequence (shown in Example 5-2) use the sequence shown in Example 7-3. This precau- 
must be executed when changing the prescaler assign- tion must be taken even if the WDT is disabled. 

ment from TMRO to WDT. Depending on the selected 


prescaler value (lines 1 and 2) determines if lines 7 and EXAMPLE 5-3: CHANGING PRESCALER 
8 are required: (WDT-—TMR0O) 
EXAMPLE 5-2: CHANGING PRESCALER toGERWEE Caer ue ave 
;prescaler 
(TMRO-WDT) 2. MOVLW B'xxxx0xxx' ;Select TMRO, new 


;prescale value and 
:;clock source 


1. BCF STATUS, RPO ;Bank 0 3. MOVWF OPTION 
2. CLRF TMRO ;Clear TMRO 
3. BSF STATUS, RPO ;Bank 1 
4. CLRWDT ;Clears WDT and 
: prescale 
5. MOVLW B'xxxx1xxx' ;Select new prescale 
6. MOVWF OPTION . value 
7. BCF STATUS, RPO ;Bank 0 


TABLE 5.4.1: SUMMARY OF TMRO REGISTERS 


RegisterName | __—__—Function | ~— Address | _ Power-on Reset Value 
TMRO Timer/counter register 


OPTION Configuration and prescaler assignment 81h 1441. 1111 
bits for TMRO. See Figure 4-4 

INTCON TMRO overflow interrupt flag and mask bits 0000 000x 
See Figure 4-5 


TABLE 5.4.2: REGISTERS ASSOCIATED WITH TMRO 





















TMRO 


INTCON 
OPTION 
85  |TRISA ee Fo | 


Legend — = Unimplemented locations, Read as ‘0' 
Shaded boxes are not used by TMRO module. 
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5.5 OPTION Register 


The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external INT interrupt edge 
select, the TMRO and the weak pull-ups on PORTB. 


FIGURE 5.5.1 - OPTION REGISTER 


R/W 
hE AE OU A POR VALUE:  FFh| RW: Readable & writable 
RBPU INTEDG| RTS] RTE] PSA] PS2| Psi] PSO bit0| ADDR: 8ih}| R read onl 

Nie ee 


PRESCALER VALUE TMRO RATE | WDT RATE 


ee | 
ee es 88 se 68 #8 cf 


ee a ee ee ee ee ee 
ea ee ee es es es es ee 


Prescaler assignment bit: 
0.... TMRO 
1.... WDT 


TMRO signal edge: 
0 .... Increment on low-to-high transition on RA4/TOCKI pin 
1 .... Increment on high-to-low transition on RA4/TOCKI pin 


TMRO signal source: 
0.... Internal instruction cycle clock (CLKOUT) 
1.... Transition on RA4/TOCKI pin 


INT interrupt edge select 
Q.... Interrupt on falling edge 
1.... Interrupt on rising edge 


PORTB pull-up enable 
RBPU = 0: PORTB pull-ups are enabled by individual port-latch values 
RBPU = 1: PORTB pull-ups are disabled overriding any port latch value 
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5.6 EEPROM Data Memory 


The PIC16C84 has 64x8 EEPROM data memory which 
is readable and writable during normal operation (full 
VoD range). This memory is not directly mapped in the 
register file space. Instead it is accessed through two 
registers: EEDATA<08h> which holds the 8-bit data for 
read/write, EEADR<09h> which holds the address of 
the EEPROM location being accessed. The 64 bytes 
are in the address range Oh - 63h. Additionally, there are 
two control registers: EECON1<88h> and 
EECON2<89h>. 


The EEPROM data memory allows byte read and write. 
A byte write automatically erases the location and writes 
the new data (erase before write). The EEPROM data 
memory is rated for high erase/write cycles. The write 
time is nominally 10 ms, and is controlled by an on-chip 
timer. The actual write-time will vary with voltage and 
temperature as well as from chip to chip. Please refer to 
AC specifications for exact limits. 


FIGURE 5.6.3.1 - EECON1 REGISTER 


RW RW RAW RW R/W 


PIC16C84 


5.6.1 ECON N IST 


EECON1 (address 88h) is the control register with five 
low order bits physically implemented. The upper-three 
bits are non-existent and read as ‘O's. 


Control bits RD and WR initiate read and write, respec- 
tively. These bits can only be set in software. They are 
reset in hardware at completion of read or write opera- 
tion. Inability to clear WR bit in software prevents 
accidental termination of a write operation prematurely. 


WREN bit, when set will allow a write operation. On 
power-up WREN = 0. WRERR bit is set when a write 
operation is interrupted by MCLR reset or a WDT time- 
out reset during normal operation. In these situations, 
following reset the user can check for WRERR bit and 
rewrite the location. The data and address will be 
unchanged in EEDATA and EEADR registers. 


EEIF bit is the interrupt flag set when write is complete. 
it must be cleared in software. 


EECON2Z is not a physical register. Reading EECON2 
will read ‘O's. 


R/W: Readable & writable 


TT [eer[wrenefvmen[ wn [ro] 
ia mae value: 0000x000b/R: Read only 
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bitO 


Read control bit. Setting RD = 1 initiates an 
EEPROM read. Read takes one clock cycle. 
RD is cleared in hardware. RD bit can only be 
set (but not cleared) in software. 


Write control bit setting WR = 1 will initiate a 
write cycle. The bit is cleared by hardware 
once write is complete. WR bit can only be set 
(but not cleared) in software. 


EEPROM write enable bit. WREN =0 inhibits 
write to the data EEPROM. WREN =1 allows 
write operation. 


WRERR error flag is set if a write operation is 
prematurely terminated by a MCLR reset 
(during SLEEP or normal operation) or by a 
WOT reset during normal operation. 


EEPROM write completion interrupt flag bit. 
Set when write is completed. Must be reset in 
software. Corresponding enable bit is EEIE in 
INTCON register. 
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5.6.2. READING THE EEPROM DATA 
MEMORY 


To read a data memory location, the user must write the 
address to the EEADR register and then set control bit 
RD (EECON1<0>). The data is available in the very next 
cycle in the EEDATA register; therefore it can be read in 
the next instruction. EEDATA will hold this value until 
another read or until it is written to by the user (during a 
write operation). : 


5.6.3 WRITING TO THE EEPROM DATA 
_ MEMORY 


To write an EEPROM data location, the user must first 
write the address to EEADR register and the data to the 
EEDATA register. Then the user must follow a specific 
sequence to initiate write: 


moviw 55h 

movwf EECON2 

movilw AAh 

movwf EECON2 

bsf EECON1,WR ;set WRbit 
;begin write 


Write will not initiate if this sequence (write 55h to 
EECON2, write AAh to EECON2, then set WR bit) is not 
followed with exact timing. The user must disable 
interrupts during this code segment. 


Additionally WREN bit in EECON1 must be set to enable 
write. This mechanism is to prevent accidental writes to 
data EEPROM due to errant (unexpected) code execu- 
tion i.e. lost programs. The user is recommended to 
keep WREN off at all times except when updating 
EEPROM. Furthermore, the code segments that en- 
ables WREN and initiates write should be kept at sepa- 
rate locations to prevent accidental execution of both of 
them in the event of a software malfunction. 


At the end of the write, the WR bit is cleared in hardware 
and the EE write complete interrupt flag is set (bit EEIF). 
The user can either enable this interrupt or poll this bit. 
EEIF must be cleared in software. 


TABLE 5.6.2 - SUMMARY OF EEPROM REGISTERS 


|RegisterName  _—|_—S———s Function =F || Address 
EEADR 
EECON1 


EEPROM control register2 









EEDATA _ 







EECON2 








5.6.4 PROTECTION AGAINST SPURIOUS 
WRITE | 


Various mechanisms are built in to prevent spurious 
EEPROM write. On power-up WREN is cleared. Also, 
the power-up timer (72ms duration) prevents EEPROM 
write. : 


The write initiate sequence and the WREN bit together 
help prevent an accidental write during brown-out or 
power glitch or software malfunction. 





Power-on-Reset Value 











XXXX XXXX 


0000 x000 





DS30081C-page 32 


Preliminary 


© 1994 Microchip Technology Incorporated 


PIC16C84 





6.0 PROGRAMMING THE PIC16C84 


The PIC16CXX microcontrollers can be serially pro- 
grammed while in the end application circuit. This is 
simply done with two lines for clock and date and three 
other lines for power, ground and programming voltage. 
This allows customers to manufacture boards with un- 
programmed devices, and then program the 
microcontroller just before shipping the product. This 
allows the most recent firmware or a custom firmware to 
be programmed. 


The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (vpp) pin from Vil to Vihh. RB6 becomes the 
programming clock and RB7 becomes the programming 
data. Both RB6 and RB7 are schmidt trigger inputs in 
this mode. 


After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location 00h. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com- 
mand was a load or aread. For complete details of serial 
programming, please refer to the PIC16CXX Program- 
ming Specifications (Literature #DS30189). 


A typical in-system serial programming connection is 
shown in Figure 6-1. 


FIGURE 6.1: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 


To Normal 


External Connections 


Connector PIC16CXX 
Signals 


Vop 


To Normal 
Connections 
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7.0 INSTRUCTION SET SUMMARY 


Each PIC16CXxX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 7-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 7-1 shows the 
opcode field descriptions. | 


For byte-oriented instructions, “f" represents a file regis- 
ter designator and "d" represents a destination designa- 
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If “d" is zero, the result is 
placed in the W register. If “d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. 

For literal and control operations, "k" represents an 8- or 
11-bit constant or literal value. 


TABLE 7.1: OPCODE FIELD 
DESCRIPTIONS 













Recister file address (0x00 to 0x7F 


W Working register (accumulator 


Bit address within an 8 bit file register 


Don't care location (= 0 or 1) 
The assembler will generate code with x = 
0. It is the recommended form of use for 
compatibility with all software tools. 
Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d= 1 


Top of Stack 
Program Counter High Latch 
Global Interrupt Enable Bit 

TO 






















Watchdog Timer Counter 
| to | Time-out Bit _ 


Power-down Bit 
Destination either the W register or the 
specified register file location 
















| ¢ |inthesetof 









The instruction set is highly orthogonal and is grouped 
into three basic categories: 


e Byte oriented operations 
¢ Bit oriented operations 
e Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 usec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 usec. | 


Table 7-2 lists the instructions recognized by the MPASM 
assembler. 


Figure 7-1 shows the three general formats that the 
instructions can have. : 





All examples use the following format to represent a 
hexidecimal number: 

Oxhh 
where h signifies a hexidecimal digit. 


FIGURE 7.1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 8 7 6 0 


OPCODE | d|  f(FILE# 


d = 0 for destination W 
d = 1 for destination f 
f = 7-bit file register address 
Bit-oriented file register operations 
13 10 9 7 6 0 


‘OPCODE b(BIT #) | (FILE #) 
b = 3-bit bit address 
f = 7-bit file register address 


Literal and control operations 
13 8 7 0 


OPCODE k (LITERAL) 


k = 8-bit immediate value. 





DS30081C-page 34 


Preliminary 


© 1994 Microchip Technology Incorporated 


PIC16C84 





TABLE 7.2: INSTRUCTION SET 


Mnemonic, Description Cycles 14-Bit Opcode Status Notes 
Operands [msb sis | Affected 
BYTE-ORIENTED FILE REGISTER OPERATIONS 


Add W and f dfff ffff 
AND W and f adfff ££ff 
Clear f 1fffE £LfE 
Clear W Oxxx XXKXK 
Complement f afff ffff 
Decrement f dfff ffff 
Decrement f, Skip if 0 dadfff ffff 
Increment f dfff ffft 
increment f, Skip if 0 dfff ffff 
Inclusive OR W and f dfff f£fF 
Move f afff £fff 
Move W to f 1f£f£ £fFE 
No Operation Oxx0 0000 
Rotate left f through carry Gfff fffEF 
Rotate right f through carry dfff ffff 
Subtract W from f afff f£fE 
Swap halves f dfff ffff 
Exclusive OR W and f dafff fff£ 


Cn ee ee er 


BCF f,b | Bit Clear f OO0Obb bfff fFEE 
BSF f,b | Bit Set f Olbb bfff ffff 
BTFSC f,b | Bit Test f, Skip if Clear 10bb bfff £FFE 
BTFSS f,b | Bit Test f, Skip if Set 1lbb bfff FfFF 


LITERAL AND CONTROL OPERATIONS 


ADDLW Add literal to W 
ANDLW AND literal to W 

CALL Call subroutine 
CLRWDT Clear watchdog timer 
GOTO Go to address 

Inclusive OR literal to W 
Move literal to W 
Return from interrupt 
Return with literal in W 
Return from subroutine 
Go into standby mode 
Subtract W from literal 
Excl. OR literal to W 


x 


kkkk kkkk 
kkkk kkkk 
kkkk kkkk 
0110 0100 
kkkk kkkk 
kkkk kkkk 
kkkk kkkk 
0000 1001 
kkkk kkkk 
0000 1000 
0110 0011 
kkkk kkkk 
kkkk kkkk 


} a oe 


IORLW 
MOVLW 
RETFIE 
RETLW 
RETURN 
SLEEP 
SUBLW 
XORLW 


[et wer ws 


= 





—_t abet AD AD PA — —) PO— PAO | = 


ro 


Notes: 1. When an 1/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that value present on 
the pins themselves. For example, if the data latch is "1" for a pin configured as input and is driven low by an external device, 
the data will be written back with a ‘0’. 
2. If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared if assigned to 
the TMRO. 
3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is 
executed as a NOP. 
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7.1. Instruction Descriptions 





ADDLW _ Add Literal to W 
Syntax: [label] ADDLW_ k 
Operands: 0<k< 255 

Operation: | (W) +k>~ W 


Status Affected: C, DC, Z 


Encoding 
Description: The contents of the W register are 
added to the 8-bit literal “k” and the 
result is placed in the W register. 
Words: 1 
Cycles: 1 
Example: ADDLW 0x15 
Before Instruction 
W = 0x10 
After Instruction 
W = 0x25 


ADDWF ADD Wtof __ | 


Syntax: [label] ADDWF fd 
Operands: 0O<f<127 

de [0,1] 
Operation: (W) + (f) — (dest) 


Status Affected: C, DC, Z 


[oo | ousa] aver [ease 


ANDLW AND Literal and W 
Syntax: [label] ANDLW k. 
Operands: O<k< 255 

Operation: (W) .AND. (k) - W 


Status Affected: Z 


Encoding 
Description: The contents of W register are AND’ed 
with the 8-bit literal “k”. The result is 
placed in the W register. 
Words: 1 
Cycles: 1 
Example: ANDLW Ox5F 
Before Instruction 
W = OxA3 
After Instruction 
W = 0x03 


_ ANDWE AND W with f | 


Syntax: [ label] ANDWF _ fd 
Operands: 0<f<127 

de [0,1] 
Operation: (W) .AND. (f) — dest 


Status Affected: Z 





Description: Add the contents of the W register to Description: AND the W register with register “f’. If | 
register “f’. If “d” is O the result is “d” is O the result is stored in the W 
stored in the W register. If “d” is 1 the register. If “d” is 1 the result is stored 
result is stored back in register “tf”. back in register “?. 

Words: 1 Words: 1 

Cycles: 1 Cycles: 1 

Example: ADDWF FSR, 0 Example: ANDWF FSR, 1 

| Before Instruction Before Instruction 
W = Ox17 W = Ox17 
FSR = OxC2 FSR = OxC2 
After Instruction After Instruction 
W = OxD9 W = Ox17 
FSR = OxC2 FSR = 0x02 
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BCF Bit Clear f BIFSC Bit Test, skip if Clear 
Syntax: [ label] BCF f,b Syntax: [ label] BTFSC f,b 
Operands: O<f<127 Operands: O<f<127 
O<b<7 O<b<7 
Operation: 0 > f<b> Operation: skip if (f<b>) = 0 
Status Affected: None Status Affected: None 
Encoding: Encoding: 
Description: Bit “b” in register “? is reset to 0. Description: If bit 'b' in register 'f' is '0' then the next 
Words: 1 instruction is skipped. 

: If bit 'b’ is ‘0’, the next instruction, 
eycies: ; fetched during the current instruction 
Example: BCF FLAG_REG, 7 execution, is discarded and a NOP is 

Before Instruction executed instead making this a two- 
FLAG_REG = OxC7 cycle instruction. 
After Instruction Words: 1 
FLAG_REG = 0x47 Cycles: 1(2) 
Example: HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE - 


Before Instruction 
PC = address HERE 

After Instruction 
if FLAG<1>=0,PC=address TRUE 
if FLAG<1>=1, PC =address FALSE 


BSF Bit Set f BTFSS Bit Test, skip if Set 
Syntax: { label] BSF f,b Syntax: [ label] BTFSS f,b 
Operands: O0<f<127 Operands: O<f<127 
O<b<7 O<b<7 
Operation: 1 > f<b> Operation: skip if (f<b>) = 1 
Status Affected: None Status Affected: None 
Description: Bit “b” in register “f’ is set to 1. Description: If bit “b” in register “f’ is “1” then the 
Words: 1 next instruction is skipped. 
If bit “b" is "O", the next instruction 
les: : : 
eee ; fetched during the current instruction 
Example: BSF FLAG_REG, 7 execution, is discarded and a NOP is 
Before Instruction executed instead making this a two- 
FLAG_REG= 0x0A cycle instruction. 
After Instruction Words: 1 
FLAG_REG = Ox8A Cycles: 1 (2) 
Example: HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE - 


Before Instruction 
PC =address HERE 

After Instruction 
if FLAG<1>=0,PC=address FALSE 
if FLAG<1>=1,PC =address TRUE 
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CALL Subroutine Call 
Syntax: [label] CALL k 
Operands: 0<k< 2048 
Operation: (PC) + 1— TOS, 

k — PC<10:0>, 


(PCLATH<4:3>) > PC<12:11>; 


CLRW_______—Clear W Register 
Syntax: [ label] CLRW | 
Operands: None 
Operation: 00h — (W) 

19Z 


Status Affected: Z 





Status Affected: None Encoding: | foo | 0001 OXXX 
Encoding: Description: W registered is cleared. Zero bit (Z) is 
Description: Subroutine call. First, return address set. 
(PC + 1) is pushed onto the stack. The Words: 7 
11-bit immediate address is loaded " 
into PC bits <10:0>. The upper bits of Cycles: 1 
the PC are loaded from PCLATH (f03). Example: CLRW 
CALL is a two-cycle instruction. 
Before Instruction 
Words: 1 W = Ox5A. 
Cycles: 2 After Instruction 
Example: HERE CALL THERE W = 0x00 
; Zaz 1 
Before Instruction 
PC = Address HERE 
After Instruction 
PC = Address THERE 
TOS = Address HERE 
LRF lear f CLRWDT lear Watchdog Timer 
Syntax: [ label] CLRF f Syntax: [ label] CLRWDT 
Operands: O<f< 127 Operands: None 
Operation: 00h — f Operation: 00h —WDT, 
| 192 O — WDT prescaler, 
Status Affected: Z 1+TO 
Encoding:  |_00 | ooo1| isee| feet ae 
Description: The contents of register “f are cleared Status Affected: TO, PD 
Soe cpeat “Encoding: — [_00 | 0000] 0110 [ on00 
Words: L Description: CLRWDT instruction resets the 
Cycles: 1 Watchdog Timer. It also resets the 
Example: eae FLAG _REG prescaler of the WDT. Status bits TO 
and PD are set. 
Before Instruction ; 
FLAG_REG= Ox5A Words: , 
After Instruction Cycles: ' 
FLAG_REG= 0x00 Example: CLRWDT 
Z=1 Before Instruction 
WDT counter = ? 
After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO =0 
PD =0 
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COME Complement f DECFSZ Decrement f, skip if 0 
Syntax: [ label] COMF f,d Syntax: [ label] DECFSZ f,d 
Operands: 0<f<127 Operands: 0<f<127 
de [0,1] de [0,1] 
Operation: (f) + (dest) Operation: (f)-1-—d; skip if result = 0 
Status Affected: Z Status Affected: None 
Encoding: [00 | 1001| afee| feee| Encoding. | 00 | 101i| afet| feet] 
Description: The contents of register “f” are comple- Description: The contents of register "T’ are decre- 
mented. If “d” is 0 the result is stored mented. If"d" is 0 the result is placed 
inW. If “d” is 1 the result is stored back in the W register. If “d” is 1 the result 
in register “f”. is placed back in register “f’. 
Words: 1 If the result is 0, the next instruction, 
which is already fetched, is discarded. 
Cycles: 1 A NOP is executed instead making it 
Example: COMF REG1, 0 a two-cycle instruction. 
Before Instruction Words: 1 
REG1 = 0x13 Cycles: 1 (2) 
After Instruction Example: HERE DECFSZ CNT, 1 
REG1= 0x13 GOTO LOOP 
Ww = OxEC CONTINUE - 
Before Instruction 
PC =address HERE 
After Instruction 
CNT =CNT- 1 
if CNT =0,PC = address CONTINUE 
if CNT #0,PC = address HERE + 1 
DECF Decrement f GOTO Unconditional Branch 
Syntax: [ label] DECF fd Syntax: [ label] GOTO k 
Operands: O<f<127 Operands: 0<k< 2048 
S10" Operation: k — PC<10:0>, 
Operation: (f)-1 — (dest) (PCLATH<4:3>) - PC<12:11> 
Status Affected: Z Status Affected: None 
Encoding: | 00 | 0011] afte | f£EfE Encoding: 
Description: Decrement register “f’. If “d” is 0 the Description: GOTO is an unconditional branch. 
result is stored in the W register. If “d” The eleven bit immediate value is 
is 1 the result is stored back in register loaded into PC bits <10:0>. The up- 
ve per bits of PC are loaded from 
Words: 4 PCLATH <4:3>. GOTO is a two- 
cycle instruction. 
les: 1 
wycee Words: 1 
E le: DECF ee 
mace oa Cycles: 2 
Before Instruction 
CNT = 0x01 Example: GOTO THERE 
Z- - S00 After Instruction 


After Instruction PC = Address of THERE 





CNT = 0x00 
Z ae 
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INCF increment f 
Syntax: [ label] INCF f,d 
Operands: O<f< 127 

de [0,1] 
Operation: (f) + 1 — (dest) 


Status Affected: Z 


| 00 | 1010] ages | eres | 


Encoding: © 
Description: The contents of register “f” are incre- 
mented. If “d” is 0 the result is placed 
in the W register. If “d” is 1 the result 
is placed back in register ‘fT’. 
Words: 1 : 
Cycles: 1 
Example: INCF CNT, 1 
Before Instruction 
CNT = OxFF 
Z 2-0 
After Instruction 
CNT = Ox00 
2 =e 
INCFSZ__incrementf, skip if 0 
Syntax: [ label] INCFSZ f,d 
Operands: O<f< 127 
de [0,1] 
Operation: (f) + 1 — (dest), skip if result = 0 


Status Affected: None 


| oo | 1111 | afee | fff 


The contents of register “f’ are incre- 
mented. If “d” is O the result is placed 
in the W register. If “d” is 1 the result 
is placed back in register ‘T’. 


Encoding: 
Description: 


If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 
Words: 1 
Cycles: — 1 (2) 
Example: HERE INCFSZ CNT, 1 
GOTO LOOP 
CONTINUE + 


Before Instruction 
PC =address HERE 


After Instruction 
CNT = CNT +1 


if CNT = 0, PC =address CONTINUE 
if CNT #0,PC =address HERE + 1 


lIORLW 


Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


IORWE 


Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Inclusive OR Literal with W 


[ label] IORLW k 
O0<k< 255 

(W) .OR. (k) > (W) 
Z 


The contents of the W register are 
OR’ed with the 8-bit literal “k”. The 
result is placed in the W register. 


1 
1 
IORLW 0x35 


Before Instruction 
W = Ox9A 


After Instruction » 
W = OxBF 


inclusive OR W with f 


[ label] IORWF f,d 
O0<f<127 

de [0,1] 

(W) .OR. (f) — (dest) 
Z 


/ oo | o100| afee | £efe 


Inclusive OR the W register with reg- 
ister “f’. If “d” is O the result is stored 
in the W register. If “d” is 1 the result 
is stored back in register “f’. 

1 

1 
IORWF RESULT, 0 


Before Instruction 
RESULT = 0x13 
W = 0x91 


After Instruction 
RESULT= 0x13 
W = 0x93 
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MOVLW Move Literal to W 
Syntax: { label] MOVLW_ k 
Operands: 0<k< 255 
Operation: k — (W) 


Status Affected: None 


Encoding: 
Description: The 8-bit literal “k” is loaded into W 
register. 
Words: 1 
Cycles: 1 
Example: MOVLW Ox5A 
After Instruction 
W = Ox5A 
MOVE Move f 
Syntax: [ label] MOVF f,d 
Operands: O<f<127 
de [0,1] 
Operation: (f) — (dest) 


Status Affected: Z 


Encoding: | oo | 1000] afte | feEe 

Description: The contents of register f is moved to 
destination d. If d=0, destination is W 
register. If d= 1, the destination is file 
register f itself. d= 1 is useful to test 
a file register since status flag Z is 
affected. 

Words: 1 

Cycles: 1 

Example: MOVF FSR, 0 


After Instruction 
W = value in FSR register 


MOVWE Move W tof 
Syntax: [ label] MOVWF f 
Operands: O0<f<127 
Operation: (W) = (f) 


Status Affected: None 


Encoding:  |_00 | oooo| itee| tere | 
Description: Move data from W register to register 
Ba 
Words: 1 
Cycles: 1 
Example: MOVWF OPTION 
Before Instruction 
OPTION = OxFF 
W = OXx4F 
After Instruction 
OPTION = Ox4F 
W = Ox4F 
NOP N ration 
Syntax: [ label] NOP 
Operands: None 
Operation: No operation 


Status Affected: None 


Encoding:  [_00 | 0000] oxxo] 0000 
Description: No operation 

Words: 1 

Cycles: 1 

Example: NOP 
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RETLW 


Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


CALL TABLE 


TABLE ADDWF PC 
RETLW k1 
RETLW k2 


RETLW kn 


Return Literal to W 
[ label] RETLW k 
0<k< 255 

k + W; TOS —> PC; 
None 


01Xx 


kkkk | kkkk 


The W register is loaded with the 8- 
bit literal “k”. The program counter is 
loaded from the top of the stack (the 
return address). This is a two-cycle 
instruction. 


1 
2 





W contains table offset 
value 
W now has table value 


=e 


me Ne 


W = offset 
Begin table 


me Ne te 


; End of table 


Before Instruction 
W = 0x07 


After Instruction 
W = value of k7 











RETFIE Return from Interrupt =e RETURN Return from Subroutine 
Syntax: [ label] RETFIE Syntax: [ label] RETURN 
Operands: None Operands: None 
Operation: TOS > PC, Operation: TOS — PC; 
, as ae Status Affected: None 
Die eat ole Encoding: | 00 | 0000 | 0000 | 1000_ 
encoding: | 00 | 0000 | 0000 | 1002 | Description: Return from subroutine. The stack is 
Description: Return from Interrupt. Stack is popped and the top of the stack (TOS) 
popped and Top of the Stack (TOS) is loaded into the program counter. 
is loaded in PC. Interrupts are en- This is a two-cycle instruction. 
abled by setting the GIE bit. GIE is Words: 1 
the global interrupt enable bit (IN- bck 
TCON<7>). This is a two-cycle Cycles: 2 
instruction. Example: RETURN 
Words: 1 After Interrupt 
Cycles: 2 PC = TOS 
Example: RETFIE 
After Interrupt 
PC = TOS 
GIE = 1 
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RLF Rotate Left_f through Carry 
Syntax: [ label] RLF f,d 
Operands: O<f<127 
de [0,1] 
Operation: f<n> — d<n+1>, f<7>—> C, C > 
d<0>; 


Status Affected: C 


Encoding: | oo | 1101] afee| eet’ 
Description: The contents of register “‘f are rotated 
1-bit to the left through the Carry Flag. 
If “d” is 0 the result is placed in the W 
register. If “d” is 1 the result is stored 
back in register “f’. 
Le HY resister fe 
Words: 1 
Cycles: 1 
Example: RLF REG1,0 
Before Instruction 
REG1 = 11100110 
C = 0 
After Instruction 
REG1 = 11100110 
W = 11001100 
C =1 
RFE Rotate Right_f through Car 
Syntax: [label] RRF fd 
Operands: O<sf<127 
de [0,1] 
Operation: f<n> — d<n-1>, 
f<0> —C, 
C > d<7>; 


Status Affected: C 


Encoding:  |_00 | 1100] age | fees | 

Description: The contents of register ‘f are rotated 
1-bit to the right through the Carry 
Flag. If “d” is 0 the result is placed in 
the W register. If “d” is 1 the result is 
placed back in register “f’. 

Le} {eater 

Words: 1 

Cycles: 1 

Example: RRF REG1, 0 


Before Instruction 
REG1 = 11100110 
C 


After Instruction 
REG1 11100110 


W 01110011 
C 1 


SLEEP 


Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


UBLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 


Example 1: 


Example 2: 


[ label] SLEEP 
None 


00h — WOT, 

0 — WOT prescaler 
1— TO, 

0-— PD 

TO, PD 


| 90 | 0000 | o110 | 0012 | 


The power down status bit (PD) is 
cleared. Time-out status bit (TO) is 
set. Watchdog Timer and its pres- 
caler are cleared. 


The processor is put into SLEEP mode 
with the oscillator stopped. See sec- 
tionon SLEEP mode for more details. 


1 
1 
SLEEP 


tract W from Literal 


[ label] SUBLW k 
O0<k<255 

k-(W) > (W) 

C, DC, Z 


The W register is subtracted (two's 
complement method) from the 8-bit 
literal “k”. The result is placed in the W 
register. 


1 
1 


SUBLW 0x02 
Before Instruction 


C = 9 
After Instruction 

WwW = 1 

C = 1 ;resultis positive 
Before Instruction 

W = 3 

C = ? 
After instruction 

W = 

C = 0O_- ;result is negative 
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SUBWE Subtract W_from f 
Syntax: [ label] SUBWF _ f,d 
Operands: 0<f< 127 
de [0,1] 
Operation: (f)-(W) — (dest) 
Status Affected: C, DC, Z 
Encoding: 0010 | df£f | fFFE | 
Description: Subtract (two's complement method) 
_the W register from register “Tf. If “d” 
is 0 the result is stored in the W 
_ register. If “d” is 1 the result is stored 
back in register “f’. 
Words: 1 : | 
Cycles: 1 
Example 1: SUBWF REGi1,1 
Before Instruction 
REG1=0 
W=1 
C=? 
After Instruction 
REG1 = FF 
W=1 
C=0 _ ; result is negative 
Example 2: Before Instruction 
REG1 = FF 
W=0 
C=? 
After Instruction | 
REG1 = FF 
W=0 
C=1_ ;result is positive 
SWAPE Swap f 
Syntax: [ label] SWAPF _ f,d 
Operands: 0<f<127 
de [0,1] 
Operation: f<0:3> — d<4:7>, 
f<4:7> — d<0:3>; 
Status Affected: None 
Encoding: 1110 | dfff| ffff 
Description: The upper and lower nibbles of regis- 
ter “f? are exchanged. If “d” is 0 the 
result is placed in W register. If “d” is 
1 the result is placed in register ‘“f’. 
Words: 1 
Cycles: 1 
Example: SWAPF REG, 0 


Before Instruction 


REG = 0xA5 
After Instruction 

REG = OxA5 

W = Ox5A 





XORLW 


Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Exclusive OR literal with W 


[label] XORLW k 
O0<k<255 
(W) .XOR. k > (W) 


Z Ye 


The contents of the W register are 
XOR’ed with the 8-bit literal “k”. The 
result is placed in the W register. 


1 : 
1 
XORLW OxAF 





Before Instruction 
W = OxB5 


After Instruction 
W = Ox1A 
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XORWE Exclusive OR W with f 
Syntax: [ label] XORWF f,d 
Operands: 0<f< 128 

de [0,1] 
Operation: (W) .XOR. (f) — (dest) 


Status Affected Z 


Encoding: | _00 | orto | ages | eee | 


Description: Exclusive OR the contents of the W 
register with register “‘f”. If “d” is O the 
result is stored in the W register. If “d” 
is 1 the result is stored back in register 








Pls 
Words: 1 
Cycles: 1 
Example: XORWF REG, 1 
Before Instruction 
REG = OxAF 
W = OxB5 
After instruction 
REG = Ox1A 
W = OxB5 
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8.0 DEVELOPMENT SUPPORT 


8.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: : 


e PICMASTER™ Real-Time In-Circuit Emulator 
e PRO MATE™ Universal Programmer 

e PICSTART™ Low-Cost Prototype Programmer 
e Assembler 

e Software Simulator 


8.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT™ class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows® 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


FIGURE 8-1: PICMASTER SYSTEM CONFIGURATION 


Common Interface Card 
PC Compatible Computer 
(ATASA Bus) (for Industry Standard Architecture) 





The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 


e Emulator Control Pod 
e Target-Specific Emulator Probe 
e PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DDE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DDE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., asystem containing a PIC16CXX processor anda 
PIC17CXX processor). 


8.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vpp and VPP sup- 
plies which allows it to verify programmed memory at 
VbpD min and VoD max for maximum reliability . It has an 
LCD display for displaying error messages, keystoenter — 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 


Interchangeable 
Emulator Probe 


Aux. 


PC-interface 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VoD min, VDD max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular "programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


8.4 PICSTART™ Programmer 


The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
andefficient. The user interface is full-screen and menu- 
based. 


8.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXxX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


e Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


e Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


¢ Control Directives permit sections of conditionally 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


8.6 re Simulator (MPSIM 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on. 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


9.7 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 9-1: 


TABLE 8-1: DEVELOPMENT SYSTEM 
PACKAGES 


‘item| Name = System Description 


PICMASTER™ | PICMASTER In-Circuit Emulator 
with your choice of Target Probe, 
PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


PICSTART™ PICSTART™ Low-Cost Prototype 
system Programmer, Assembler, Software 
Simulator and Samples 
















9.8 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE _ 
PICMASTER Devices Maximum Operating 
PROBE Supported | Frequency Voltage 


PROBE - 16C ; PIC16C84 TtOMHZ 4.5V - 5.5V 
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9.0 ELECTRICAL CHARACTERISTICS | 
Absolute Maximum Ratingst © 


Ambient temperature under bias nnn -55 tot 125°C 


SlOrage POM Peratres sccceecsccisisseciceccesledadevasce terest cdc shatvassavecdsvadesssusverssndtoasteivaneiansdeaviscitemaiee = GO-GO 1O4150'C 
Voltage on any pin with ce to Vss 3 

(except VOD ANd MCLR) .............cssccscscssscecssssscsestcssesstsercesssscesceesesesseccesessssesesssessssssssaesassrassesseseseeees “O.0V tO VDD +0.6V - 
Voltage On VOD with respect tO VSS a.scessssssssssssssssnsssssnsestesssntintsnstuetnssustunusnesesusstunnsuennnssnanesannaneasO {0 +7.5 V 
Voltage on MCLR with respect to Vss | | | 

(NOUS 2) pa dcss sees si ctccincei nececc ner antiaretea va ren eeacedicnscs vavestacae Ua cides cauka cavcepess tonedocsveme aceite seca aie ie OO 1a 
Total power Dissipation (Note Ws cissselsd catssesiswlbupdeds wbinis ans adhe odes inns cvdeantbasivacbudssosabaccududesssadncetvesdscces sanedcsleesceatealsaeaes OOOMVY 
Max. Current out Of VSS Pin ........ccccsssssssssecssescessessecesssssesscsssssssssssscssssesssessesssscsecesessserssesesssscsestarsesesessecseaceseveseees TOMA. 
Max. Current into Vop PIM ....ecsssesecsneereeecrntereres Sivas Dien cee exe aeetaaenea sna aad yas eeascettveadscednean ikea jisteigevieaestaae LOOMA 
Input clamp current, lik (Vi<O OF VI> VDD) ....cscscsssescsssssessscseeees dani Gubdilisaahiits edanseavecenieeseuetas aeetsactadieicretcundtsarie Le OMIA 
Output clamp current, lok (VO<O OF VO> VDD) ...........cessssssseccesesesseessetserseseseeneereaeeees uTiu Saiasgevisaasieeaieereateateauieads te OMIA 
Max. Output Current sunk by any I/O pin................sc00 gacealeabeceeeluate GM aaeiGncdecuts hans hiwasaeudanee olan anew OMA 
Max. Output Current sourced by any I/O Pin ...........cccccccssssssessccccseccessccsssssntsssscseccesscsceseccesessseeesecessssncceesesseseeseeseses QOMA 
Max. Output Current sunk by I/O PORTA........ sibbswbtaucw siieapects ns vaysa tayatauceuaassacecumvesatvscssu catia sucseesnseduinsgatiuensystuisyes OOD 
Max. Output Current sunk by 1/0 PORTE ............eescsssccecesserseeccsssssnsecereesecsscsceeessceesesssceeseesseeeneees sécseseciveesncccacess LOOMA 
Max. Output Current sourced by I/O PORTA ...........s00000 Garona Jack uahestuaeactebseiead octsaascaetivek sectsseseesssasenserseses DOMA 
Max. Output Current sourced by I/O PORT ............ccccccssssssssscscceececscesesstssssssesecessesssccceseessssereeeseeessssseeeeeecesserees TOOMA 


Notes: 1. Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as 
follows: 
Pdis = Von x {lop - > loh} + > + 5. {(Vop-Voh) x loh} + =(Vol x lol) 
2. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a "low' level to the MCLR pin rather than pulling 
this pin directly to Vss. | 
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9.1 DC CHARACTERISTICS: PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 















DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 


Operating temperature -40°C <TA<+ 125°C for automotive, 
40°C <TA<-+ 85°C for industrial and 
Characteristic om 
Supply Voltage 
Voo 


O0°;C <TA<-+70°C for commercial 
Voltage (Note 2) 
Voo start voltage to VPOR 
steep 
Von rise rate to guarantee SVDD 
peer | 


Supply Current (Note 3) 

























Fosc = 4 MHz, Vop = 5.5V (Note 5) 

Fosc = 32 KHz, VoD = 4.0V, WDT disabled, 

LP osc configuration 

Fosc = 10 MHz, Vop = 5.5V, HS osc configuration 
(PIC16C84-10 only) 











Power Down Current 
(Note 4) 






Vop = 4.0V, WDT enabled, -40°C to +85°C 
Vop = 4.0V, WDT disabled, 0°C to +70°C 
Vop = 4.0V, WDT disabled, -40°C to +85°C 
Vop = 4.0V, WDT disabled, -40°C to +125°C 


Alumn 5 ee "Typical" is based on characterization results at 25°C. This data is for design 
and is not tested for, or guaranteed by Microchip Technology. 


Note 3: The supply current is mainly a function of the operating voltage and frequency. Other factors such as !/O pin 
loading and switching rate, oscillator type, internal code execution pattern, andtemperature also have an impact 
on the current consumption. 

The test conditions for all lb>D measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vob, TOCKI = Vob, MCLR = Vpp; 
WDT enabled/disabled as specified. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

Note 5: For RC osc configuration, current through Rext (external pull-up resistor) is not included. The current through 
the resistor can be estimated by the formula Ir = VpD/2Rext (mA) with Rext in kOhm. 
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9.2 DC CHARACTERISTICS: PIC16LC84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
-40°C <TA<+ 85°C for industrial and 
0°C <TA<+70°C for commercial 
Operating voltage VoD =2.0V_ to 6.0V 


Characteristic Typ 
OR Nd] 1) 


Supply Voltage 


RAM Data Retention Device in SLEER 
TS oe 
fornnsspowerenrest [| | | | LA Aeon 
guarantee power on reset 

7 ny 


Supply Current (Note 3) 


osc = 32 KHz, VoD = 2.0V, WDT disabled, 
LP osc configuration 


Power Down Current <a 
(Note 4) 
Vpp = 2.0V, WDT enabled, -40°C to +85°C 
Vop = 2.0V, WDT disabled, 0°C to +70°C 
is Vpb = 2.0V, WDT disabled, -40°C to +85°C 
oO 


fh Vob = 2.0V, WDT disabled, -40°C to +125°C 
* These parameters are characterized 6 


Note 1: Data in the column labelé 


Note 2: 
Note 3: 





switching ee AtorNype, internal code execution pattern, and vemnberaiore also have an impact on the current 

consumption. 

The test conditions por all lop measurements in active operation mode are: . 

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, TOCKI = Vop, MCLR = Vop; WDT enabled/ 

disabled as specified. . 

Note 4: | The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

Note 5: = For RC osc configuration, current through Rext (external pull-up resistor) is not included. The current through the resistor 

can be estimated by the formula Ir = Vpop/2Rext (mA) with Rext in kOhm. 


Notes to Table 9.3 


Note 1: Data in the column labeled "Typical" is based on characterization results at 25 °C. This data is for design guidance only and 
is not tested for, or guaranteed by Microchip Technology. 

Note 2: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C84 be driven 
with external clock in RC mode. 

Note 3: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent 
normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4: = Negative current is defined as coming out of the pin. 

Note 5: The user may use better of the two specifications. 
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9.3 DC CHARACTERISTICS: PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16L€84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 





















DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C < Ta <+125°C for automotive, 

-40 < TA < +85°C for industrial 

and 0°C < Ta < +70°C for commercial 
Operating voltage VppD range as described in DC spec Tables 9.1 and 9.2 


Characteristic 


Input Low Voltage 
1/0 ports 

MCLR, TOCKI 
OSC1 (in RC configuration) 
OSC1 (in XT, HS and LP 
configuration) 
Input High Voltage 
1/0 ports 









MCLR, TOCKI, OSC1 
(in RC configuration) 
OSC1 (XT, HS and LP 
configuration) 
Input Leakage Current 
(Notes 3, 4) 


























I/O ports RA, RB Vss < VPIN < VoD, Pin at hi-impedance 
MCLR, TOCKI Vss < VPIN < VoD 
OSC1 Vss < VpiIN < Vop , XT, HS and LP osc 









configuration 


VpIN = Vss, VoD = 5.0V 


lo. = 8.5mA, Vop = 4.5V, -40°C to +85°C 
lo. = 6.0mA, Vob = 4.5V, -40°C to +125°C 
lo. = 1.6mA, Vob = 4.5V, -40°C to +85°C 

lo. = 1.2mA, Vob = 4.5V, -40°C to +125°C 


Output Low Voltage 
1/0 Ports 




















OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 
1/0 Ports (Note 4) 













loH = -3.0mA, VoD = 4.5V, -40°C to +85°C 
lOH = -2.5mA, VoD = 4.5V, -40°C to +125°C 
loH = -1.3mA, VoD = 4.5V, -40°C to +85°C 

lOH = -1.0mA, Vob = 4.5V, -40°C to +125°C 







OSC2/CLKOUT 
(RC osc configuration) 
Data EEPROM 
Endurance 





Vop for read/write 
Erase/write cycle time 
Program EEPROM Memory 










See section 11 for more details on 
programming 









Endurance 







Erase/write cycle time 
Vop for read 
Vood for erase/write 






Full Vop range 


Notes on previous page. 
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9.4 AC CHARACTERISTICS: PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
? — PIC16C084-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
















Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C < Ta<+125°C for automotive, 
Oe -40 < TA $ +85°C for industrial 
— and 0°C < Tas +70°C for commercial 
Operating voltage VDD range as described in DC spec Tables 9.1 and 9.2 


AC CHARACTERISTICS 





External CLOCKIN Frequency 
(Note 2) 





s. 2V > Vop 2 6V 
y 2V > Vod >6V 
















Oscillator Frequency 
(Note 2) 





Instruction Cycle Time 





Clock in (OSC1) High or Low Time — 
XT oscillator type 

LP oscillator type 

HS oscillator type | 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type 

LP oscillator type 

HS oscillator type 

OSC1 high to CLKOUT low 
OSC1 high to CLKOUT high 
CLKOUT output rise time 
CLKOUT output fall time 


a 
MCGLR Pulse Width low) 150 ns 
-| TMRO High Pulse Widt TRTH 0.5 Tcy+ 20* ae Note 3 
TMRO Low Pulse EC TRTL 0.5 Tcy+ 20* ns {Note 3 


TOCKI Input Tim 
TOCK! High Pulse ¥ 
TOCKI Low Pulse Width 
TOCKI Period 



























Note 3 

Note 3 

Note 3. Where N = prescale 
value (2,4, ..., 256) 


Watchdog T imer Timeout Period iors $0 

a a 
imings 

sealictn Start-up Timer Period ed 1024 tosc ms ee noe period 


* These parameters are characterized, but not tested. (Cont. on next page) 
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9.4 AC CHARACTERISTICS: PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard Operating Conditions (unless otherwise stated) 
AC CHARACTERISTICS Operating temperature -40°C < TAs +125°C for automotive, 

-40 < Ta < +85°C for industrial 

and 0°C < TA< +70°C for commercial 
Operating voltage VoD range as described in DC spec Tables 9.1 and 9.2 




















Characteristic 


/0 Timing 
[/O Pin Input Valid Before CLKOUTT 
1/0 Pin Input Hold After CLKOUTT 
I/O Pin Output Valid After CLKOUTJ 
I/O Pin Input Valid Before OSCT 
(I/O Setup Time) 

OSC1T to 1/0 pin input invalid 

(I/O hold time) 

OSC1T to 1/0 pin output valid 

I/O pin output rise time 

1/0 pin output fall time 
Interrupt Timing 
INT pin high or low time 

RB <7:4> input change time for interrupt 
to be recognized 

















In XT, HS or LP modes when 
external clock is used to drive 





Note 3: For a detailed explanation of TMRO input clock requirements see Section 6.4.1. 

Note 4: Clock-in high-time is the duration for which clock input is at ViHosc or higher. Clock-in low-time is the duration for which 
clock input is at ViHosc or lower. 

Note 5: All AC parameters are tested or characterized with these capacitive loads. 

Note 6: CLKOUT is available only in RC oscillator mode. 
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9.5 Electrical Structure of Pins 


FIGURE 9.5.1 - ELECTRICAL STRUCTURE OF FIGURE 9.5.2 - ELECTRICAL STRUCTURE OF 
VO PINS (RA, RB) MCLR AND TOCKI PINS 


Schmitt trigger 
Input buffer 





Notes to Figures 9.5.1 and 9.5.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect 
against ESD (Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect the input buffer from 
ESD. 
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10.0 TIMING DIAGRAMS 


FIGURE 10.0.1 - TOCKI TIMING 





FIGURE 10.0.2 - INPUT/OUTPUT TIMING FOR I/O PORTS 


i¢—>! TosH2ckH 


CLKOUT 


rae TITTLE Caz ZTE 


! TosH2ioV Trost ao 


/O Pin 


(output) old value new value 


aa ae 
Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only in RC oscillator mode 
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11.0 DC & AC CHARACTERISTICS 
GRAPHS/TABLES 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are out- 
side specified operating range (e.g. outside speci- 
fied Vpp range). This is for information only and 
devices are guaranteed to operate properly only 
within the specified range. 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over a 
period of time. ‘Typical’ represents the mean of the 
distribution while 'max' or 'min' represents (mean + 30) 
and (mean - 30) respectively where o is standard 
deviation. 


FIGURE 11.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs VppD* 


ae atak 
wr 


PORN 


Bi 
Hoe 


Fosc (Mhz) 


eae 


CK Woe} 


SEE 


er 
{ff | rewow | 


*Measured in PDIP Packages. 








FIGURE 11.0.1 - TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE 


“TYPICAL RC OSCILLATOR 
FREQUENCY vs Vop* 


Fosc (Mhz) 


eT r Ti fe. 
Ta 


ad 


Cext = 100pF, T = 25°C 


40 45 
VoD (Volts) 


*Measured in PDIP Packages. 
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FIGURE 11.0.4 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp* 


WN 
re 
= 
@ 
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Li 





VoD (Volts) i‘ | 
*Measured in PDIP Packages. 
FIGURE 11.0.5 - TYPICAL Ipd vs Vop U 
WATCHDOG DISABLED 2 


> 
Tey 
IC 
TNT 
CPL 
POE 


Vob (Volts) 


TABLE 11.0.1 - RC OSCILLATOR 
FREQUENCIES* 









Average 
Fosc @ 5V, 25°C 











4.71 MHz 
3.31 MHz 
1.91 MHz 
207.76 KHz 







AeTmal process distribution. The varia- 
is +3 standard deviation from average 


Vop (Volts) 
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FIGURE 112.0.7 - MAXIMUM Ipd vs Vop FIGURE 11.0.8 - MAXIMUM Ipd vs Vpop 
| WATCHDOG DISABLED | WATCHDOG ENABLED* 


Maximum Maximum 


x 


apparently anomalous behavior. 


FIGURE 11.0.9 - VTH (INPUT F 


Ls 
\ Hinput threshold voltage) of I/O 


Fo” 


NAGE 
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CORRE 
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FIGURE 11.0.10 - Vin, Vit OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs Vpp 
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FIGURE 11 
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FIGURE 11.0.13 - MAXIMUM IppD v —< ~LOCK, -40° to +85°C) 
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Transconductance (gm) of 


HS Oscillator vs VoD 


FIGURE 11.0.15 


WDT Timer Time-out Period 


vs VoD 


FIGURE 11.0.14 











(sw) poued LGM 





Transconductance (gm) of 


XT Oscillator vs VoD 





URE 11.0.17 
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= 5V 


FIGURE 11.0.19 - loH vs VoH, VoD 


FIGURE 11.0.18 - loH vs VOH, VDD = 3V 
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FIGURE 11.0.21 - loL vs VoL, VoD = 5V 


FIGURE 11.0.20 - lot. vs VoL, VoD = 3V ——y 
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TABLE 11.0.2 - INPUT CAPACITANCE * 


Typical Capacitance (pF) 


Pin Name 
18L PDIP 18L SOIC 


RA port 

RB port 

MCLR 

OSC1 
OSC2/CLKOUT 
RTCC 





All capacitance values are typical at 25°C. A part to 
part variation of +25% (three standard deviations) 
should be taken into account. 
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12.0 PACKAGING DIAGRAMS AND DIMENSIONS 
See Section 11 of the Data Book. 


12.1 Package Marking Information 


18L PDIP Example 


PIC16C84- 
10E/P 


AS90305 CBA 








18L SOIC Example 

MMMMMMMMMMMIM PIC16LC84- 
041/S0218 

OAD AABB CDE ofS310 CAA 





Microchip part number information 

Customer specific information* 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 

Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Piease check with your Microchip Sales Office. For 
QTP devices, any special marking adders are included in QTP price. 
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APPENDIX A 


The following are the list of modifications over the 
PIC16C5X microcontroller family: 


1. 


10. 
11. 


12. 


13. 
14. 


15. 
16. 


Instruction word length is increased to 14-bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 


A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 


Data memory paging is redefined slightly. Status 
register is modified. 


Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 


Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5X. 


OPTION and TRIS registers are made addressible. 


Interrupt capability is added. Interrupt vector is at 
0004h. 


Stack size is increased to eight deep. 
Reset vector is changed to 0000h. 


Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis- 
ters are reset differently. 


Wake up from SLEEP through interrupt is added. 


Two separate timers Oscillator Start-up Timer (OST) 
and Power-up Timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


PORTB has weak pull-ups and interrupt on change 
feature. 

RTCC pin is also a port pin (RA4) now. 

Location 07h (PortC) is unimplemented and not a 
general purpose register. 

FSR is made a full 8-bit register. 


“In system programming" is made possible. The 
user can program the PIC16C84 using only five 
pins: Vop, Vss, MCLR/Vpp, RB6 (clock) and RB7 
(data in/out). 





APPENDIX B 


To convert code written for PIC16C5X to PIC16C84, the 
user should take the following steps: 


1. 


Remove any program memory page select opera- 
tions (PA2, PA1, PAO bits) for CALL, GOTO. 


Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them. 


Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


Change reset vector to 0000h. 


Note that location 07h is an unimplemented data 
memory location. 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
Compuserve communications network. Inmostcases a 
local call is your only expense. The Microchip BBS 
connection does not use Compuserve membership ser- 
vices, therefore you do not need Compuserve mem- 
bership to join Microchip's BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local Compuserve 
agent for details if you have a problem. Compuserve 
services allows multiple users at baud rates up to 9600. 





To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal Compuserve setting 
which is 7E1. 


2. Dial your local Compuserve phone number. 


3. Depress <ENTER> and a garbage string will appear 
because Compuserve is expecting a 7E1 setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER> and you will be con- 
nected to the Microchip BBS. 


In the United States, to find Compuserve's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name :, type 


NETWORK<ENTER> and follow Compuserve's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local Compuserve 
number. 


Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated in the United States. 


PICMASTER, PRO MATE and PICSTART are trademarks 
of Microchip Technology Incorporated. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


MS-DOS and Microsoft Windows are registered trade- 
marks of Microsoft Corporation. 
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PIC16C84 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. : 


PART NO. -XX X /XX XXX 
ty Pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


Package: P PDIP 
SO SOIC (Gull Wing, 300 mil body) 
. Examples: 
Temperature - 0°C to +70°C (T fortape/reel) | a) PICI6C84 - 04/P 301 = 


Range: -40°C to +85°C (S for tape/reel) | Commercial temp., PDIP package, 
40°'C 10 +125°C 4 MHz, normal V DD limits, 


QTP pattem # 301 
b) PIC16LC84 - 041/SO = 
Frequency 04 4 MHz industrial temp., SOIC package, 
Range: 10 10 MHz ; 4 MHz, extended V DD limits 
c) PIC16C84 - 10E/P = 
Device: PIC16C84 :VpD range 4.0V to 6.0V Automotive temp., PDIP package, 
PIC16LC84 : VoD range 3.0V to 6.0V 10 MHz, normal VDD limits 
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Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your iocal Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP P C1 7C42 


High-Performance 8-Bit CMOS EPROM Microcontroller 








FEATURES PACKAGE TYPES 

Powerful CPU PDB. 

¢ Fully static design Windowed Pov = 2 ot ORE belo 
¢ 8-bit wide data path CERDIP 37 >> RDYADI1 


¢ 16-bit wide instructions 
All instructions are single word 


36 [J + RD4/AD12 
35 D “*" ~RDSYAD13 
34 J“ ~RDE/AD14 





33 0 <+— RD7/AD15 


Most instructions are single cycle, a few are two cycle ao Haas aC ee 


160ns cycle time (at 25 MHz). 
64K x 16 of addressable program memory space 


Direct, indirect (with auto increment and decrement), 
immediate and relative addressing 


e Four modes of operation 
— Microcontroller mode 
— Secure microcontroller mode 


— Extended microcontroller mode (both internal and 
external program memory access) 


— Microprocessor mode (external only program 
memory access) 


High-level of Integration 


2K x 16 on chip EPROM program memory 
232 x 8 general purpose registers (SRAM) 
48 special function registers eran a 
16 x 16 hardware stack cane 
11 external/internal interrupts 

Up to 33 I/O pins 

Three 16-bit timer/counters 

Two 16-bit capture registers 

Two high-speed PWM outputs (10-bit, 15.6 KHz) 


Full-featured serial port (USART) with baud rate 
generator 


RC7/AD7 «=~ U9 


30 [J ~*-™ REO/ALE 


RBI/CAP2 <> [] 12 29 1 ~*+™ RE1/OE 


CVIOLLDId 


RBS/PWM2 <> [14 27 ) <— TEST 
RB4/TCLK12 <= [/ 15 


RBS/TCLK3 ~~ () 16 25 (J ~—— RA1/TOCKI 


OSC1I/CLKIN —[} 19 22 J =e RA4/RX/DT 


OSC2/CLKOUT ~*— [] 20 


40 D+ RDWAD11 


+e RD4/AD12 
+> RD5/AD13 
+» RD6/AD14 
«+ RD7/AD15 
—_ PP 


39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
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Special microcontroller features 


e Watchdog Timer with its own on-chip RC oscillator for 
reliable operation 

e Power saving SLEEP mode 

¢ On-chip Power-up Timer and Power-On Reset saves 
external circuitry 

¢ On-chip Oscillator Start-up Timer 

Fuse selectable oscillator options: standard crystal 

oscillator, low frequency crystal oscillator, RC oscilla- 

tor or external clocking 


Code protection feature to protect on-chip EPROM 
program memory 


34 11179 <> RBSV/TCLK3 


PIC17C42 


Pack Och RD7/AD15 +» Cr 8 26 (1 «» RC7/AD7 

a e i ROD6/AD14 «+ C17 9 25 T]) «~~ RC6/AD6 

ackag pt ons RDS/AD13 «=» CI10 24 [1 «=~ RC5/ADS5 
RD4/AD12 -- C7711 


02 


e 40L PDIP, 44L PLCC and 44L PQFP 


LOW/1O" «<>» CIT 
ZOV/ZOY + CTT 2 
CAV/EOY <—» CIT} ce 
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PIC17C42 OVERVIEW 


PIC17C42 is the first member of a high-performance 
EPROM based 8-bit CMOS microcontroller family. The 
PIC17C42 integrates a powerful CPU (160ns instruction 
cycle) with an array of peripheral resources making it 
ideal for complex real-time control applications. 


Microchip's EPROM technology allows the user to test 
and develop code on windowed cerdip package version 
and move into production with the cost effective One 
Time Programmable (OTP) plastic DIP package ver- 
sion. 


The PIC17C42 is fully supported by a host of software 
and hardware development tools. These include an 
assembler/linker; a low-cost in-circuit emulator; a high 
performance, in-circuit emulator; a programmer; and a 
programmer/development board. A C compiler is 
planned. All tools are supported by PC AT® and compat- 
ible platforms. 


1.1 PIC17C42 Pinout Description 








MCLR/Vep VP 


1 
1 
1 
1 















instruction cycle rate. 







| 


Pin Number 
Type | of Pins 


Master clear (reset) input. This is the active low reset input to the chip. During Programming mode, it is 
the programming voltage (VPP) input. 


Oscillator input in crystal/resonator or RC oscillator mode. External clock input in external clock mode. 


Oscillator output. Connects to crystal or resonator in crystal oscillator mode. In RC oscillator or external 
clock modes OSC2 pin outputs CLKOUT which has one fourth the frequency of OSC1 and denotes the 





Input only port pin (bit 1 of Port A) and also an external interrupt input. Interrupt can be configured to be 
on rising or falling edge. It is also the external clock input for the TMRO timer/counter. 


RA2,RA3 | VO | 2 | High voltage, high current open drain input/output port pins. | 


Input only port pin (bit 4 of Port A). If the serial port is enabled, in full duplex asynchronous serial 
communication mode this is the receive pin. In half duplex synchronous serial communication mode it is 
data input (during receive) or data output (during transmit). 

Input only port pin (bit 5 of Port A). If the serial port is enabled, in full duplex asynchronous serial 
communication mode it is the transmit pin. In half duplex synchronous communication mode, it is shift 
clock input (slave mode) or clock output (master mode). 


Input only port pin (bit 0 of Port A) and also external interrupt input. Interrupt can be configured to be on 
positive or negative edge. 


1.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC17C42 can be attributed 
to anumber of architectural features commonly found in 
RISC microprocessors. To begin with, the PIC17C42 
uses a modified Harvard architecture, in which, program 
and data are accessed from separate memories. This 
improves bandwidth over traditional Von-Neuman archi- 
tecture where program and data are fetched from the 
same memory. Separating program and data memory 
further allows instructions to be sized differently than 8- 
bit wide data word. In PIC17C42, op-codes are 16-bit 
wide making it possible to have all single word instruc- 
tions. Full 16-bit wide program memory access bus 
fetches a 16-bit instruction in a single cycle. A two-stage 
pipeline overlaps fetch and execution of instructions. 
Consequently, all instructions (55 in all) execute in a 
single cycle (160ns @ 25MHz) except for program 
branches and two special instructions that transfer data 
between program and data memory. 


The PIC17C42 can address 64K x 16 program memory 
space. It integrates 2K x 16 EPROM program memory 
on-chip. Program execution can be internal only 
(microcontroller mode), external only (microprocessor 
mode) or both (extended microcontroller mode). 


The PIC17C42 can directly or indirectly address 256 
data memory locations (file registers). All special func- 
tion registers including the program counter are mapped 
in the data memory. The PIC17C42 has an orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad- 
dressing mode. This symmetrical nature and lack of 
‘special optimal situations' make programming with the 
PIC17C42 simple yet efficient. In addition, the learning 
curve is reduced significantly. | 





(cont.) 
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Pin Name | Pin |Number | Pin Function 
Type | of Pins 


RB1/CAP2 0 eo 
















Port pin configurable as input or output in software, with Schmitt trigger input (bit 2 of Port B). Itis also the PWM1 
input pin. 

Port pin configurable as input or output in software, with Schmitt trigger input (bit 3 of Port B). Itis also the PWM2 
input pin. 
Port pin configurable as input or output in software, with Schmitt trigger input (bit 2 of Port B). Itis also the PWM1 
output pin. . 

Port pin configurable as input or output in software, with Schmitt trigger input (bit 3 of Port B). Itis also the PWM2 
output pin. . . 

Port pin configurable as input or output in software, with Schmitt trigger input (bit 4 of Port B). Itis also the external 
clock input to timer1 and timer2. 
Port pin configurable as input or outputin software, with Schmitt trigger input (bit 5, of Port B). Itis also the external 
clock input to timers. 





















RB3/PWM2 i/0 











Eight bit wide Port C with each pin software configurable as input or output. Inputis TTL 
compatible (and not CMOS Schmitt trigger type). 


This is also the lower half of the 16 bit wide system bus in microprocessor mode or extended microcontroller mode. 
In multiplexed system bus configuration, these pins are address output as well as data input or output. 


Eight bit wide Port D with each pin software configurable as input or output. Input is TTL 
compatible (and not CMOS Schmitt trigger type). 


This is also the upper byte of the 16 bit system bus in microprocessor mode or extended microprocessor mode 
or extended microcontroller mode. In multiplexed system bus configuration these pins are address output as well 
as data input or output. 


Port pin configurable as input or output in software, with TTL compatible input (bit 0 of Port £). 


In microprocessor mode or extended microcomputer mode, it is the Address Latch Enable (ALE) output. Address 
should be latched on the falling edge of ALE output. 


Port pin configurable as input or output in software, with TTL compatible input (bit 1 of Port E). 
In microprocessor or extended microcontroller mode, it is the Output Enable (OE) control output (active low). 
Port pin configurable as input or output in software, with TTL compatible input (bit 2 of Port E). 
In microprocessor or extended microcontroller mode, it is the Write Enable (WR) control output (active low). 


TEST | 1! | 1 | Test mode selection control input. Always tie to Vss for normal operation. 
Us mall ela en OW eg contenant 
vss «| P| = 2_—_‘| Ground. Both pins must be connected to system ground. 


Legend: | = Input only; O = Output only; 1/0 = Input/output; P = Power. 


































RE2/WR /0 1 


















1.2 Internal Clocking Scheme the OSC2 pin provides a clock output, CLKOUT, which 


sh. eee is high during Q3, Q4 and low during Q1, Q2. 
internally, the clock input to OSC1 pin is divided by four 


to generate four phases (Q1, Q2, Q3 and Q4) each with As long as internal chip reset is active, the clock genera- 
a frequency equal to fosc /4 and duty cycle of 25%. If tor holds the chip in Q1 state. The CLKOUT pin is driven 
EC (external clock) or RC oscillator mode is selected, low (EC, RC mode). 


FIGURE 1.2.1 - INTERNAL CLOCKS 





(RC,EC mode) | 
| 
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1.3 Instruction Flow/Pipelining 


An “Instruction Cycle” in PIC17C42 consists of Q1, Q2, 
Q3 and Q4. Instruction fetch and execute are pipelined 
such that fetch takes one instruction cycle while decode 
and execute takes another instruction cycle. However, 
due to the pipelining, each instruction effectively ex- 
ecutes in one cycle. If an instruction causes the program 
counter to change (e.g. GOTO), then two cycles are 
required to complete the instruction. Additionally, there 
are two instructions, TABLRD and TABLWT, which take 
two or more cycles to complete. These are explained in 
more details ‘Instruction Set’ description. 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. In external execution, the address is 
presented on pins AD15 - ADO during Q2. The instruc- 
tion is latched on the falling edge of Q4. 


The fetched instruction is latched into the “Instruction 
Register (IR)”, which is decoded in Q1 and executed 
during Q2, Q3 and Q4. Data memory is read during Q2 
(operand read), ALU operations are done in Q3 and 
result is written back during Q4 (destination write). 


FIGURE 1.3.1 - INSTRUCTION FETCH/ 
EXECUTE PIPELINE 





Jar | 02 aa| a4 ay 02| ag a4] at | 02 aa a] 


is GL) Ga 









PC+2 


: 
(Instruction l 
| 
Execute INST (PC-1) 


register) | 
Fetch INST (PC+1) 









Execute INST (PC+1) 


Fetch INST (PC+2) 





1.4 Memory Organization 


The PIC17C42 employs a Harvard architecture, i.e. it 
has separate program and data memory space. In 
addition, there is a hardware stack separate from both 
data and program space. The data space is 256 bytes in 
size. Most of the data space is implemented as static 
RAM (address 18h to FFh). Special function registers, 
implemented as individual hardware registers make up 
the rest of the data space. Refer to Section 1.6 for more 
details. Data memory “address” and “data" buses are 
not brought outside the chip. So the data memory can 
not be expanded externally. The user can, however, 
create data segments in external program memory, use 
TABLWT and TABLRD instructions to move data be- 
tween external program memory and the register file. 


The program memory is 16-bits wide. Itis addressed by 
the 16-bit program counter for instruction fetch. It is also 
addressed by the table pointer register (TBLPTR, also 
16-bits wide) for data move to and from data space. 
Addressable program memory is 64K x 16. The 
PIC17C42 incorporates 2K x 16 EPROM program 
memory on-chip. 


1.5 Different Program Memory Organization 


The PIC17C42 operates in on of four possible program 
memory configurations which are: 


Microcontroller Mode: In this mode, only internal execu- 
tion is allowed and therefore, only the on-chip 2K pro- 
gram memory is available. Any access to program 
memory beyond 2K reads 0000h (which is NOP). In 
addition to program memory, fuses, test memory, and 
boot memory (FEOOh to FFFFh) are accessible. 


Protected Microcontroller Mode: It is the same as micro- 
controller mode except that code protection is enabled. 
Refer to Section 4.7 for details on code protection. 


Extended Microcontroller Mode: In this mode, on chip 
program memory (0-2K) as well as external memory (2K 
- 64K) are available. Execution automatically switches 
to external if program memory address is greater than 
07FFh. The fuses, test memory and the boot memory 
are not accessible in this mode. 


Microprocessor Mode: In this mode the on-chip program 
memory is not used. The entire 64K program memory is 
mapped externally. The fuses, test memory and the 
boot memory are not accessible in this mode. 
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FIGURE 1.5.1 - PROGRAM MEMORY MAP The different modes are selected by fuses FPMMO and 
| | FPMM1. These fuses are mapped in the following pro- 
gram memory locations: | 
__ FPMMO: FEO4h 
_.FPMM1: FEO6h 


[Femme [Fewmi| Mode 
og | coe | tersoorwater oad (Gate Prasat 
ee 
a= a 
Leal 


INT Pin Interrupt Vector 


RTCC Timer interrupt Vector 


RT Pin interrupt Vector 
Peripheral Interrupt Vector 








Microcontroller Mode (Unprotected) 
Extended Microcontroller Mode 


Microprocessor Mode 





Note: * 1 = fuse unprogrammed or erased, | 
0 = fuse programmed. 


Refer to Section 4.7 for information on code protection. 


Test Memory, Boot Memory and Fuse Locations: Test 
memory space is used by the factory for testing pur- 
poses. The ‘boot ROM’ area holds programs used for 
programming and verification. The user need not be 
concerned about either of these. The fuse locations map 
configuration fuses used to select from various operat- 
ing modes. The fuses are explained in detail in 
Section 3.8. 





Microprocessor 7 melee Microcontroller 
Mode | icrocontroller Mode 


Mode 


Extemal 
Program 
Memory 


PROGRAM SPACE 


FE0O FUSES 
TEST EPROM 
FFFF | BOOT ROM 


OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP 


. 00 
On chip On chip 
RAM RAM 
FF LL FF 


OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP 


DATA SPACE 
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1.5.1 EXTERNAL PROGRAM MEMORY INTERFACE 


If external execution is selected, ports C, D and E are 
configured as a system bus for external program memory 
access. Ports D and C, together, constitute a 16-bit wide 
multiplexed address and data bus. The three bit E port 
outputs control signals ALE (Address Latch Enable), OE 
(Output Enable) and WR (Write Enable). An external 
memory access cycle is comprised of four oscillator 
cycles (from Q11 rising edge to Q1 rising edge). During 
Q2, a 16-bit address is presented on ports C and D (RD7 
= MSB, RCO = LSB) and ALE is asserted. The address 
output should be latched by the falling edge of ALE. Inan 
instruction fetch or data read cycle, the OE is asserted 
during Q3 and Q4. The data is latched on the rising edge 
of OE. One oscillator cycle separation between OE T 
and address output guarantees adequate time for exter- 
nal memories to shut off their output drivers before 
address is driven on to the bus. 


In a data write cycle (only during TABLWT instruction), 
following address output during Q2, data is driven onto 
the bus during Q3 and Q4. WRis asserted during Q4 and 
the data output is valid both on its falling and rising edge. 


Figure 1.5.1.1 depicts read and write cycles and Table 
1.5.1.1 shows access time required of the external 
memory components. For complete timing information 
on the system bus, refer to the AC Characteristics 
Section. 


FIGURE 1.5.1.1 - EXTERNAL PROGRAM 
MEMORY READ AND 
WRITE TIMINGS 


Read cycle 





TABLE 1.5.1.2 - ACCESS TIME REQUIRE- 
MENTS FOR EXTERNAL 
MEMORY 


Osc ___| Instruction 
frequency| cycle time 
(Tcy) 


157.5ns 
120ns 
90ns 


Note: Estimated access time requirements. Exact number 
will be available after full characterization. 





FIGURE 1.5.1.2 - TYPICAL MICROPROCESSOR MODE MEMORY CONNECTION DIAGRAM 


* Only required if wishing to do paged memory (from 8000h - FFFFh) 
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1.6 Data Memory Organization 


Data memory in the PIC17C42 is organized as 256 x 8. 
It is accessed via an internal 8-bit data bus and an 8 bit 
data-memory-address-bus (derived from the instruction 
register). Data memory can be addressed via direct 
addressing mode or through indirect addressing mode 
using file select registers FSRO or FSR1 as pointer 
registers. o 


All special function registers (e.g. W, TMRO, Program 
Counter, Ports) are mapped in the data memory. The 
rest of the data memory is implemented as static RAM. 
A few special function registers such as Table Latches 
(TBLATH, TBLATL) are not mapped in data memory or 
any other memory space. Also not addressable are the 
watchdog timer and the stack pointer. 


FIGURE 1.6.1 - DATA MEMORY MAP 


00 Indirect Addressing 0 


PCL 
ALUSTA 


RTCSTA 


CPUSTA 


1.6.1 ORGANIZATION OF SPECIAL FUNCTION 
REGISTERS 


Figure 1.6.1 shows the data memory space in detail: 


a. Address 00h:0Fh are mostly special function regis- 
ters related to the CPU. i 

b. Address 10h:17h are ‘peripheral registers’ such as 
timer register or port data latch. Since there are 
many more peripheral registers than can be mapped 
into eight address locations, a banking scheme is 
used. A bank select register, BSR (address OFh) is 
used to select one of many banks. Only the lower 4 
bits of BSR are implemented in the PIC17C42, 
making it possible to address up to 16 banks. 

c. Address locations 18h:1Fh are general purpose file 
registers implemented as part of the static RAM: 
However, these locations have the added privilege 
of being source or destination of a MOVPF or 
MOVFP instruction respectively. 

d. Locations 20h:FFh are general purpose file regis- 
ters implemented as static RAM. 


TMR2 
PR2 





PR3L/CAIL 
[| PRSH/ICAIH 


Note: Files 10-18 in first column are mapped into bank 0, while the other files in this column are unbanked registers. 
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FIGURE 1.6.2 - REGISTER FILE SUMMARY (PIC17C42) 


PIC17C42 


Value on power | Value on all othe 


er 


UNBANKED: reset (note3) 
INDFO Uses contents of F1 to address data memory (not a physical register) 00000000 00000000 
FSRO Indirect data memory address pointer 0 XXXXKKXKX UUUUUUUU 
PCL Low order 8 bits of PC 00000000 00000000 
PCLATH Holding register for upper 8 bits of PC (Note 1) XXXXXXKK uuuuuuUU SC} Note 1 
ALUSTA FS3 FS2 FS1 FSO OV Zz 1111XXxXX 1111UUUU 
RTCSTA INTEDG RTEDG TIC RTPS3 RTPS2 RTPS1 00000000 00000000 
CPUSTA - STKAV GLINTD TO PD 00111100 00117700 |Note2 


SeSssSQSRRBR28 


INTSTA 
(NOF1 
FSRI1 

Ww 
TMROL 
TMROH 
TBLPTRL 
TBLPTRH 
BSR 


TMR1 
TMR2 
TMRSL 
TMR3H 

PR1 

PR2 
PR3L/CA1L 
PR3H/CA1H 


PEIR RTXIR TOIR INTIR PEIE RTXIE 


Uses contents of F9 to address data memory (not a physical register) 
Indirect data memory address pointer 1 

W register 

TimerO Low byte 

Timer0 High byte 

Low byte of program memory table pointer 

High byte of program memory table pointer 

Bank select register 


PUEB - RA5 
Data Direction Register for PORTB 
PORTB data latch 

SPEN RC&/9 SREN OERR 
Serial Port Receive Register 

CSRC TX8/9 TXEN TRMT 
Serial Port Transmit Register 

Baud Rate Generator 


RA1/RT 


Data Direction Register for PORTC 

PORTC data latch 

Data Direction Register for PORTD 

PORTD data latch 

Data Direction Register for PORTE 

PORTE data latch 

IRB TMSIR TM2IR TM11R CA2IR 
/EB TMS3IE TM2lE TM1IE CA2IE 


Timer 

Timer2 

Timer3 Low byte 

Timer3 High byte 

Timer1 Period Register 

Timer2 Period Register 

Timer3 Period Register, low byte/capture1 register, low byte 
Timer3 Period Register, High byte/capture1 register, high byte 


Capture2 low byte 


00000000 
00000000 


00000000 


OOXXXXXX 
11111111 
XXXXXXXK 
0000000xX 
XXXXXXXXK 
0000001X 
XXXXXXXX 
XXXXXXXK 


11111111 
XXXXXKXX 
11111111 
XXXXXXKXK 
00000111 
00000XXX 
00000010 
00000000 


xx000000 
XX000000 


00000000 
00000000 


00000000 


OOUUUUUU 
11111111 
UUUUUUUU 
0000000U 
UUUUUUUU 
0000001U 
UUYUUUUU 
UUUUUUUU 


11111111 
UUUUUUUU 
11111111 
UUUUUUUU 
00000UUU 
00000UUU 
00000010 
00000000 


uu000000 
uu000000 








Capture2 high byte 
CA2ED1 | CA2EDO | CA1ED1 68 00000000 00000000 
CA2OVF | CA1OVF | PWM20ON | PWM1ON | CA1/PR3 00000000 00000000 
x = unknown 
u = unchanged 


1: The upper byte of the program counter is not directly accessible. f03 is a holding register for PC<15:8> whose contents are 
updated from or transfered to the upper byte of the program counter. 


2: The "TO" and PD" status bits in f06h are not affected by a "MCLR" reset. TO bit will be reset in the event of a WOT time-out 
reset. 


3: Other (non power-up) resets include external reset through MCLR pin and Watchdog Timer timeout reset. 
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2.0 HARDWARE DESCRIPTION OF 
THE CPU 


2.1 Indirect Addressing Registers (INDFO 
and INDF1 


These two register locations (not physically implemented) 

are used to implementindirect addressing of data memory 
space. An instruction using INDFO or INDF1 actually 
accesses the data memory location pointed to by the 
corresponding FSR registers. If file INDFO (or INDF1) 
itself is read indirectly via an FSR, all zeroes are read. 
Similarly, if INDFO (or INDF 1) is written to indirectly, the 
operation will be equivalent to a NOP. 


Single cycle data transfers within the entire data space 
are possible with MOVFP and MOVPF instructions, 
when “p’ is specified as INDFO and “f’ as INDF1, or vice 
versa. 


2.2 File Select Registers (FSRO and FSR1) 


These two registers are 8-bit wide indirect address 
pointers for data memory. They can be auto- 
incremented, auto-decremented or left unchanged after 
each access as determined by the four control bits in the 
STATUS register “ALUSTA” (File 04h bits 7:4). See 
Figure 2.8.1. 


2.3 Table Pointer (TBLPTRL and TBLPTRH) 


File registers TBLPTRL and TBLPTRH form a 16-bit 
pointer to address the 64K program memory space. The 
table pointer is used by instructions TABLWT and 
TABLRD. 


The TABLRD and the TABLWT instructions allow trans- 
fer of data between program and data space. The table 
pointer serves as the 16-bit address of the data word 
within the program memory. 


3.4 Table Latch (TBLATH, TBLATL) 


The table latch (TBLAT) is a 16-bit register, consisting of 
TBLATH and TBLATL refer to the high and low bytes of 
the register. It is not mapped into data or program 
memory. The table latch is used as a temporary holding 
latch during data transfer between program and data 
memory (see descriptions of instructions TABLRD, 
TABLWR, TLRD and TLWR). 


2.5 Program Counter Module 


The Program Counter (PC) is a 16-bit register. PCL, the 
low byte of the PC, is mapped in the data memory (file 
02h). PCL is readable and writable just as any other 
register. PCH is the high byte of the PC and is not directly 
addressable since PCH is not mapped in data or pro- 
gram memory. An 8-bit register PCLATH (PC high latch) 
is used as a holding latch for the high byte of the PC. 
PCLATH is mapped into data memory (file O3h). The 
user can read or write PCH through PCLATH. 


The 16-bit wide PC is incremented after each instruction 
fetch during Q1 unless modified by GOTO, CALL, 
LCALL, RETURN, RETLW, or RETFIE instruction or 
interrupt response or due to destination write to PCL by 
aninstruction. “Skip’s are equivalentto incrementing the 
PC twice. 


The operations of the PC and PCLATH for different 
instructions are as follows: 
a) LCALL: 
PCLATH — PCH, IR<7:0> — PCL (PCL is loaded 
with 8-bit destinaton address embedded in the 
instruction. PCLATH is unchanged. 
b) CALL, GOTO: ; 
A 13-bit destination address is provided in the 
instruction 
IR<12:0> — PC <12:0> 
PC<15:13> — PCLATH<7:5> 


c) Read PCL (Any instruction that reads PCL): 
PCL — data bus > ALU or destination 
PCH — PCLATH 


d) Write PCL (Any instruction that writes to PCL): 
8-bit data > data bus — PCL 
PCLATH — PCH 

e) Read-Modify-Write (Any instruction that does a 
read-write-modify operation on PCL, such as 
ADDWF PCL) | 
Read: PCL — data bus > ALU 
Write: 8-bit result—> data bus ~ PCL 

PCLATH — PCH 





Note that read-modify-write only affects the PCL with the 
result. PCH is loaded with PCLATH. Thus, ADDWF 
PCL, for example will result in a jump within the current 
page. If PC =O3FOh, W =30h and PCLATH = 03h before 
instruction, PC = 0320h after the instruction. To accom- 
plish a true 16-bit computed jump, the user needs to 
compute the 16-bit destination address, write the high 
byte to PCLATH and then write the low value to PCL. 


The following PC related operations do not change 

PCLATH: 

a) LCALL, RETLW, RETURN, RETFIE instructions, 

b) Interrupt vector is forced onto the PC, 

c) Read-modify-write instructions (e.g. BSF PCL) on 
PCL. 
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2.6 Stack 


The PIC17C42 has a 16-word x 1- bit hardware stack 
which is not part of data or program space. The PC is 
pushed onto the stack if CALL or LCALL instructions are 
executed or if an interrupt is responded to by branching 
to the corresponding interrupt vector. The stack is POPed 
into the PC ifa RETURN, RETLW or RETFIE instruction 
is executed. The top of the stack is not addressable in 
any other way. 


2.6.1_ STACK AVAILABLE STAT 
(BIT 5, CPUSTA) 


STKAVL is a read only status bit that indicates any stack 
overflow error. STKAVL is set on reset and stays set 
unless the following situation occurs: 


If stack is full: i.e. there are 16 entries in the stack the 
STKAVL is cleared. If the stack is popped (by RETURN, 
RETLW or RETFIE instruction) then STKAVL is set 
again indicating ‘stack availability’. 


BIT 


lf, however, a push takes place instead (due to CALL, 
LCALL or interrupt), then stack overflow occurs. In this 
event, the first entry is lost and STKAVL is permanently 
cleared . Under this condition, the only way STKAVL will 
be set is via reset. 


STKAVL usage caution: If the stack is empty, a POP 
(due to RETURN, RETLW or RETFIE) followed by a 
PUSH, will permanently clear STKAVL. 


For a description of CPUSTA register, see Figure 4.5.1. 


2.6.2 USING THE STKAVL BIT 


One way to use the STKAVL bit is to test it at the 
beginning of every subroutine or interrupt service rou- 
tine. If STKAVL is clear, then all stack locations are used 
(and presumably no error has occurred yet). In such 
case, interrupts must be disabled in the subroutine. 
Also, no subroutine calls must be made unless software 
stack management is invoked. 


2.7 Interrupt Logic 


The PIC17C42 has 11 interrupt sources that are mapped 
into 4 interrupt vectors. The interrupt logic is controlled 
by the INTSTA register and the global interrupt disable 
bit (GLINTD) in CPUSTA register. See Figure 4.5.1 for 
a description of CPUSTA register. Four hard-wired 
vectors allow fast interrupt response time. Worst case 
latency is three instruction cycles when only one inter- 
rupt at a time is being serviced. interrupt nesting to 
multiple levels is possible by enabling interrupts within 
the service routine. When an interrupt occurs, the cur- 
rent PC value is pushed onto the stack and the vector 
corresponding to the interrupt source is loaded into the 
PC. 
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2.7.1 INTERRUPT FLAG AND MASK BITS 


Each interrupt has a request flag bit and a mask bit 
associated with it. The registers that hold these bits are 
INTSTA (file O7h), PIR (Bank 1, file 16h) and PIE (Bank 
1, file 17h). See Table 3.7.1 for details. 


Interrupt flag bits INTIR, TOIR or RTXIR are cleared 
automatically in hardware. PEIR is not cleared auto- 
matically since it is not a latched bit. PEIR is simply the 
OR ofall the individual peripheral interrupt flag bits such 
as IRB, TMGIR, etc. Therefore, if PEIR is the source of 
the interrupt, the user must clear, in software, the actual 
peripheral interrupt flag bit. The global interrupt disable 
bit, GLINTD, is set, preventing any further interrupt. To 
enable interrupts from the service routine the user must 
clear GLINTD. The user must first clear the current 
interrupt flag bit to prevent recursive vectoring to the 
same service routine. 


The TABLWT instruction, in a long write situation (i.e. 
writing to on-chip EPROM location) must be terminated 
with an interrupt. On completion, TABLWT clears the 
interrupt flag in the same exact fashion as an interrupt 
response, i.e. INTIR, RTCIR or RTXIR flag will be 
cleared if responsible for ending the TABLWT. 


2.7.2 PERIPHERAL INTERRUPTS 


All peripherals use the same interrupt vector, O020h. 
The individual peripheral interrupt request bits are “OR- 
ed” together. When multiple peripheral interrupt sources 
are enabled, the priorities have to be determined by 
software. Each peripheral has its own interrupt enable 
and request bit(s). In addition, the PEIE (Peripheral 
Interrupt Enable) bit acts as a global enable bit for all 
peripheral interrupts. There is a common peripheral 
interrupt request status bit (PEIR, bit 7, register 
INTSTA)which is a logical OR of all the individual 
peripheral interrupt request flags. This is a read only 
status bit useful for quickly determining if any peripheral 
request is outstanding. 


2.7.1 - TABLE OF INTERRUPTS 





2.7.3 INTERRUPT AND TABLWT INTERACTION 


On the PIC17C42, the TABLWT instruction can be used 
to either program the on-chip EPROM or to write to an 
external memory mapped in address space. In order to 
accomplish a write to internal program memory (i.e. 
program the EPROM), interrupts are required to time the 
programming event. If a TABLWT is executed and the 
table-latch is pointing to an internal memory location, the 
PIC17C42 goes into a long write (i.e. programming is 
initiated). The PIC17C42 stays in along write mode until 
either an unmasked interrupt occurs or the chip is reset. 
If an unmasked interrupt occurs the long write is termi- 
nated, the interrupt that caused the termination is cleared 
in hardware (except for peripheral interrupts which are 
never cleared in hardware). Only the interrupt that 
caused the termination of the TABLWT instruction is 
cleared. In the case where an interrupt is pending, the 
TABLWT is aborted and no programming occurs but the 
interrupt flag is still cleared. This sequence of events is 
true for any TABLWT regardless of an internal write or an 
external write. 


A table write to locations off-chip to the PIC17C42 are 
handled much the same way as internal writes. The 
major difference is that the table is forced to be a two- 
cycle only instruction since it will only take one cycle to 
actually write the external memory locations. The inter- 
rupt interaction, however, is the same. If an unmasked 
interrupt is pending or occurs during an external TABLWT, 
the interrupt is cleared (except for peripheral interrupts). 
Since the external TABLWT is already forced to a two- 
cycle instruction, the external TABLWT is already forced 
to a two-cycle instruction, the external write still occurs. 


if the application is doing an external TABLWT and using 
hardware clearable interrupts (RT, INT, TMRO), then itis 
important to mask those interrupts during a TABLWT so 
the interrupt flag is not cleared as a result of the TABLWT. 


Interrupt} Flag location | Interrupt | Mask bit Interrupt Source Priority Vectors to 
flag bit, Register mask bit | location bit, 
Register 


bit 4,INTSTA bitO, INTSTA | External interrupt on INT pin | Highest priority | O008h 
bit 5,INTSTA bit1, INTSTA | TMRO overflow interrupt 2nd priority 
bit 6, INTSTA bit2, INTSTA | External interrupt on RT pin |3rd priority 
bit 7, INTSTA bit3, INTSTA | Any peripheral interrupt | Lowest priority 




































































bit 7, PIR bit 7, PIE Port B input change interrupt} lowest priority 
bit 6, PIR bit 6, PIE Timer/Counters interrupt (All these 

bit 5, PIR bit 5, PIE Timer/Counter2 interrupt peripheral 

bit 4, PIR bit 4, PIE Timer/Counter1 interrupt interrupts are 
bit 3, PIR bit 3, PIE Capture’ interrupt OR'ed together 
bit 2, PIR bit 2, PIE Capture2 interrupt to generate 

bit 1, PIR bit 1, PIE Serial port transmit interrupt | PEIR) 


bit 0, PIR bit 0, PIE Serial port receive interrupt 
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FIGURE 2.7.1.1 - REGISTER INTSTA 


R/V RAW R R/W R/W R/AWV R/AW R/W 
| EIR | RTXIR TOIR INTIR | PEIE | RTXIE TOIE INTIE Register INTSTA 
File O7h 
bitO | Reset Value: 0Oh 














R = Read only bit 
R/W = Readable/writable bit 
U= Unused, reads as 0 


0 : Disable INT interrupt 
: Enable INT interrupt 


: Disable TMRO interrupt 
: Enable TMRO interrupt 


: Disable RA1/TOCK! pin interrupt 
: Enable RA1/TOCKI pin interrupt 

















0 : Disable all peripheral interrupts 
1 : Enable all peripheral interrupts 





INT interrupt request flag. Set by rising or falling 
edge on INT pin. Reset automatically by 
hardware. 





TMRO timer interrupt request flag. Set when 
TMRO overflows. Reset automatically by 
hardware. 


TOCKI pin interrupt. Set by rising or falling edge 
on TOCKI pin. Reset automatically by hardware. 


Peripheral Interrupt Request flag. It is read 
only. 











FIGURE 2.7.1.2 - PIR (PERIPHERAL INTERRUPT REQUEST) REGISTER 


Register PIR R = Read only bit 
File 16h Bank 1 | R/W = Readable/writable bit 
Reset Value: 00h | U = Unused, reads as 0 


Serial port receive interupt. Set when receive 
buffer (RCREG) is full. Reset when receive 
buffer is empty. It is a read only bit. 





RW RW RW RW RW RW R R 
| IRB Tv3iR | TM2iIR | TM1IR | CA2IR | CAIIR | TemT | RBFL 
bit 0 





Transmit interrupt. Set when transmit buffer 
(TXREG) is empty. Reset when transmit buffer 
is full. It is a read only bit. 


Capture! interrupt. Set when a capture event 
occurs. Reset by software. 








Capture2 interrupt. Set when a capture event 
occurs. Reset by software. 











Timer1 interrupt. It is set when timer1 reaches 
period value and resets. Reset by software. 


Timer2 interrupt. Sets when timer2 reaches 
period value and resets. Reset by software. 


If capture1 is enabled (CA1/PR3 = 1) then this 
interrupt is set when timer3 overtiows. 

If capture1 is disabled (CA1/PR3 = 0) then the 
interrupt will be generated when timer< 
reaches period value and resets. Reset by 
software. 















PORTB interrupt. Set when PORTB input 
changes. (from port latch value) Reset in 
software 
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FIGURE 2.7.1.3 - PIE (PERIPHERAL INTERRUPT ENABLE) REGISTER 


AW RW FW RAW RW RW RW RW 
| eB | TMSIE | TM2iE | TMIIE | CA2IE | CATIE RCIE 
are | | | bit 0 





: Disable receive interrupt (RBFL) 
: Enable receive interrupt (RBFL) 


: Disable transmit interrupt (TBMT) 
: Enable transmit interrupt (TBMT) 


: Disable capture interrupt (CA1IR) 
: Enable capture interrupt (CA1IR) 


: Disable capture2 interrupt (CA2IR) 
: Enable capture2 interrupt (CA2IR) 


: Disable Timer1 interrupt (TM11R) 
: Enable Timer1 interrupt (TM1!R) 


: Disable Timer2 interrupt (TM2IR) 
: Enable Timer2 interrupt (TM2IR) 


: Disable Timer3 interrupt (TM3IR) 
: Enable Timer interrupt (TM3IR) 


: Disable Port B interrupt (IRB) 
: Enable Port B interrupt (IRB) 





-~O =O =O “60 “0 =O =0 “oo 





2.7.4_INT AND RT EXTERNAL INTERRUPTS Piease note that changing edge selection for INT or RT 


oe si pin may generate a false interrupt. The user should 
INT and RT external interrupts can be positive or nega- clear the INTIR or the RTXIR bit after changing edge 


tive edge triggered, selectable in software. INT interrupt 
is generated on falling edge if INTEDG = 0 or on rising 
edge if INTEDG = ‘1’. Similarly, setting bit RTEDG = ‘0’ See RTCSTA (register file OSh) for bit allocation. 
will generate TOCKI pin interrupt on falling edge whereas 
RTEDG = ‘1’ will trigger RT interrupt on rising edge. The 
timing requirements on INT and RT inputs are as follows: 


tiNTH = taTIH = INT or RT high time = 25ns 
tinTL = tati. = INT or RT low time = 25ns 


setting. 


FIGURE 2.7.3.1 - RTCSTA: TMRO STATUS/CONTROL REGISTER 





Reset Value: 00h 


R/W R/W R/W R/W R/V R/W R/W R/W 
INTEDG | TOEDG RTPS2 RTPS1 RTPSO } unused _ Register RTCSTA R/W : Readable/Writable 
File 05h 
bit O 





| Prescale Value Selection 
RTPS <3:0> Prescale Value 









0000 
0001 







ee a 


ee 







0010 

0011 : 
0100 1:16 
0101 1:32 
0110 1:64 
0111 1:128 
1XXX 1:256 













: Timer mode, i.e. clock source is intemal (OSC/4) 
: Counter mode, i.e. clock source is external (RT pin) 






: TMRO increments and/or TOCKI interrupt generated 
on a falling edge on TOCKI pin. 

1: TMRO increments and/or RA1/TOCK! interrupt 
generated on a rising edge on RA1/TOCK! pin. 










: INT interrupt generated on falling edge on INT pin 
: INT interrupt generated on rising edge of INT pin 
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2.8 ALU 


The Arithmetic and Logic Unit of the PIC17C42 is 
capable of carrying out arithmetic or logical operations 
on two operands or a single operand. All single operand 
instructions operate either on the W register or a file 
register. For two operand instructions, one of the 
operands is the W register and the other one is either a 
file register or an 8-bit immediate constant. 


FIGURE 2.8.1 - ALUSTA (ALU STATUS) REGISTER 


Register ALUSTA R = Read only bit 
File 04h R/W = Readable/writable bit 
Reset value: 1111XXXXb]| U = Unused. reads as 0 


Carry Flag: Set by arithmetic instructions when a carry 
out from MSB occurs. Also affected by rotate through 
carry instructions. 

Digit Carry: Set by arithmetic instructions when a carry 
from lower nibble to upper nibble occurs. 


Zero Flag: Set to '1' when the result of an arithmetic or 
logical operation is zero. 


Overflow Flag: Set to '1' when an overflow (from | 
magnitude to sign bit) occurs in an arithmetic operation. 
It is the XOR of carry-in and carry-out of the MSB bit. 


FSRO Mode Select: 

00: Post auto-decrement FSRO 

01: Post auto-increment FSRO 

10: Reserved (currently same as 11) 
11: No change to FSRO 


FSR1i Mode Select: 

00: Post auto-decrement FSR1 

01: Post auto-increment FSR1 

10: Reserved (currently same as 11) 
11: No change to FSR1 
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3.0 SPECIAL FEATURES OF THE 
CPU 


What sets apart a microcontroller from other processors 
the most are special circuits to deal with the needs of 
realtime applications. The PIC17C42 has a host of such 
features intended to maximize system reliability, mini- 
mize cost through elimination of costly external compo- 
nents, provide power saving operating modes and offer 
code protection. 


The PIC17C42 has a Watchdog Timer which can be shut 
off only through EPROM fuses. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscilla- 
tor Start-up Timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
Power-up Timer (PWRT), which provides a fixed delay 
of 80ms nominal on power up only, designed to keep the 
part in reset while the power supply stabilizes. With 
these two timers on chip, most applications need no 
external reset circuitry. The SLEEP mode is designed to 
offera very low current power-down mode. The user can 
wake up from SLEEP through external reset, Watchdog 
Timer timeout or through an interrupt. Several oscillator 
options are also made available to allow the part to fit the 
application. The RC oscillator option saves system cost 
while the LF (Low Frequency) crystal/resonator option 
saves power. A set of EPROM configuration bits (fuses) 
are used to select various options. Additional EPROM 
fuses are included for code-security. 


3.1 Reset 


The reset logic resets the complete PIC17C42 circuitry 
as follows: 


e Oscillator buffer is enabled (i.e. oscillator is restarted 
if waking up from SLEEP through reset). 

Program Counter is reset to O00Oh. 

All registers are reset as described in Table 1.6.2. 
Watchdog timer and its prescaler are cleared. 
Internal phase clock generator is held in Q1 state. If 
external execution is selected, ALE output is held low 
while OE and WR outputs are driven high. 

I/O ports B, C, D and E are configured as inputs. In 
case of port B, the weak pull-ups are activated. Ports 
RA2 and RAS revert to high impedance state. 


There are three events which can cause a device reset. 

a) Power-On Reset :Vb0 rise is detected (1.2V - 2.0V 
range) 

b) External reset: “Low” level on the MCLR input 

c) WOT reset: Watchdog Timer Timeout 

The RESET condition is maintained as long as: 

a) The MCLR input is “low” 

b) MCLR has gone high but the Power-up Timer 
(PWRT) is active, (i.e. has not timed out) 


c) MCLR has gone high but the Oscillator Start-up 
Timer (OST) is active (i.e. has not timed out) 








FIGURE 3.1.1 - SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 





e 
N External 


Reset 


WDT WDT 
Module Time-out 
Reset 
Vpp rise Lp 
detect Power On Reset 









OST/PWRT 


OST 
> 10 bit Ripple counter 
r> 10 bit Ripple counter 





ele 
wm {& 
OlF 
) 

AE 
Sls 
Cle 
Ww | 








be 


POWER_U 
(Enable the PWRT timer 
only if it is power_up.) 


POWER_UP +WAKE_UP) (XT + LP) 
Enable the OST if it is spall or wake_up 
rom SLEEP and OSC type is 











Chip_Reset 


or LP) 
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3.2 Oscillator 


The PIC17C42 can accept an external clock input on 
OSC1 pin or will run off external crystal or ceramic 
resonator connected between OSC1 and OSC2 pins. It 
also has an RC oscillator mode in which an external R 
and C combination can be connected to OSC1 pin. The 
choice is made by EPROM fuses FOSC1 and FOSCO. 
These fuses are mapped in program memory locations 
FEO1h and FEOOh respectively. Refer to section 4.8 for 
details on the fuses. 


TABLE 3.2.1 - OSCILLATOR OPTIONS 


EC: Extemal Clock i eae External clock 
input oO 


RC: pis oe External RC CLKOUT 
Paco output 


Freq. 
Range 












XT: pada oscillator stal Crystal | 0.2-25Mhz 
ince connection 

Low frequency Crystal Crystal 

crystal oscillator connection connection 


Note: 0 implies a programmed fuse. 






2.1 EC: EXTERNAL CLOCK INPUT MODE: 


The OSC1 input can be driven by CMOS drivers (figure 
4.2.1A). In this mode, the OSC1 pin is a high impedance 
CMOS input. The OSC2 pin outputs CLKOUT (fre- 
quency = fosc/4). See Figure 3.2.1 fortiming of CLKOUT. 


3.2.2 RC: RC OSCILLATOR MODE: 





An external R and C combination can be connected to 
OSC1 pin (Figure 3.2.1B). The RC oscillator mode 
provides a very cost effective solution. However, the 
frequency of oscillation will vary with Vcc, temperature 
and from chip to chip due to process variation. It is, 
therefore, not the right choice for timing sensitive appli- 
cations where accurate oscillator frequency is desired. 
The OSC2 pin, in this mode, outputs CLKOUT (freq. = 
fosc/4). See Figure 3.2.1 for timing of CLKOUT. 


3.2.3 _ XT: CRYSTAL OSCILLATOR MODE: 


In this mode a crystal or a ceramic resonator can be 
connected across OSC1 and OSC2. (Figure 3.2.1C). 
The crystal must be of fundamental mode. If an overtone 
mode crystal is used (which is common above 20 MHz) 
then a tank circuit must be used to attenuate the gain at 
fundamental frequency (Figure 3.2.1D) 


3.2.4_LF: LOW FREQUENCY CRYSTAL 
OSCILLATOR MODE: 


This is same as the XT mode, (Figure 3.2.1E) except that 
it is suitable for crystals of frequency range 32 KHz to 
200 KHz. 





TABLE 3.2.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATORtT 


50KHz 
100KHz 
200KHz 





t This table is for design guidance. The values shown 
here are from a single manufacturer. Other crystal may 
require different C1 and/or C2 values. 
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FIGURE 3.2.1 - DIFFERENT OSCILLATOR/ 
CLOCKIN OPTIONS 


_3.2.1D XT CRYSTAL OSCILLATOR MODE 


3.2.1A EXTERNAL CLOCK 
we (OVERTONE CRYSTALS) 


Ext osc 
Clock In 


CLKOUT «———| OSC2 
PIC17C42 


PIC17C42 


3.2.1B RC OSCILLATOR MODE ‘ 
To Filter the fundamental frequency 


res = (2x)? 


Where f= tank circuit resonant frequency. This should be midway 
between the fundamental and the 3rd overtone frequencies of 
the crystal. 


3.2.1E LF CRYSTAL OSCILLATOR MODE 


PIC17C42 


SLEEP. 





OSC2 
PIC17C42 
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3.3 Oscillator Start-up Timer (OST) 


The OST provides a 1024 oscillator period delay on 
power-up and on wake up from SLEEP. This delay is 
provided by a 10-bit ripple counter. On power-up, the 
delay begins from the rising edge of MCLR. On wake-up 
from SLEEP the time-out is counted from the time the 
wake-up event occurs. Since the OST counts oscillator 
signal on OSC1 pin, the counter only starts counting 
when amplitude on OSC1 pin reaches a certain accept- 
able limit. The OST time-out allows the crystal oscillator 
(or resonator) to stabilize before the chip is taken out of 
reset. The circuit will function with crystals of any fre- 
quency. This time-out is not invoked in RC oscillator 
mode or external clock (EC) mode. 


3.4 Power-up Timer (PWRT) and Power-on 
Reset (POR) 


The function of the PWRT timer is to provide a fixed 80 
ms (typical) delay only on power-up. This is provided by 
a 10-bit ripple counter whose input clock comes from an 
on chip RC oscillator. The time-out is counted from the 
rising edge of MCLR. The purpose of this time-out is to 
allow the VoD supply to reach acceptable level before 
the part is taken out of reset. 





An internal Power-on Reset pulse (POR) is generated 
when a VDD rise is detected during initial power-up of the 
chip. (when VoD = 1.2V to 2.0V nominally). The POR 
signal resets internal registers as described in Table 
1.6.2. The user should note that the on-chip circuitry 
does not generate an internal reset when VoD goes 
down, i.e., it does not provide brown out protection. 
Figures 3.4.1 and 3.4.2 shows possible external brown- 
out protection circuits. Also VDD must come up from Vss 
(nominal) fora POR signal to be generated. The PWRT 
timer and OST timer guarantee proper power-on reset 
without external components. This is done by simply 
tying the MCLR pin to Vop (Figure 3.4.4). As VoD comes 
up, POR is generated and MCLR is sensed as '1' inside 
the chip, both OST and PWRT timers begin time-out. 
The 80ms (nominal) delay of the PWRT allows Vpp to 
rise above VDD min. spec. If the rise time of VoD is much 
slower such that at the end of the time-out Vpp has not 
reached an acceptable level (as in Figure 3.4.6), then 
external RC delay must be added on MCLR pin. 








The following table shows the time-outs for different 


oscillator types. 
Type SLEEP 
EC 80 ms _ 
RC 80 ms 


XT Greater of 80 ms 
and 1024 tosc 


Greater of 80 ms 
and 1024 tosc 
















1024 tosc 








LP 1024 tosc 


FIGURE 3.4.1 - BROWN OUT PROTECTION 
CIRCUIT 


PIC17C42 


Notes: 
1. This circuit will activate reset when VDD goes 
below (VZ + 0.7 V) where VZ = Zener voltage. 





FIGURE 3.4.2 - BROWN OUT PROTECTION 
CIRCUIT 


PIC17C42 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 


Ri v 
VOD° RiaR2 =? 
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FIGURE 3.4.3 - EXTERNAL RESET PULSE 


vop _~ | 
MCLR et et 
INTERNAL POR ae) | eek oeee: Aare 
:  tewar 
PWRT TIME-OUT eee eee eee 
OST TIME-OUT ieee es aera eee eee Wil 


> 
i tost ; i: 
INTERNAL RESET 








FIGURE 3.4.4 - USING ON-CHIP POR 


PIC17C42 





FIGURE 3.4.5 - INTERNAL RESET (Vpp AND 
MCLR TIED TOGETHER) 


VDD 
MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET 


Note: In this example t pwrart> t ostas would be the case 
in- higher frequency crystals. For lowe! 
frequency crystals (i.e. 32 Khz) tosr will be 
greater. 








FIGURE 3.4.6 - INTERNAL RESET (Vpp AND 
MCLR TIED TOGETHER): 
~ SLOW Vpp RISE TIME 


5V 
Vop __0V iv . 


INTERNAL POR |e oe 


_ A 
PWRTTIME-OUT | iE 


— —t—- tost 


OST TIME-OUT 


INTERNAL RESET Ss, 


Note: In this example tpwAT > tosT, as would be 
the case in higher frequency crystals. For 
lower frequency crystals, (i.e. 32 Khz) tost 
will be greater. 


FIGURE 3.4.7 - OST START UP TIMING 
DETAILS | 


— j—i—toscr: } 

. i as sl 
tost : 

OST TIME_OUT ‘ | 


PWRT TIME_OUT 


‘ tPwaAT 


INTERNAL RESET 


This figure shows in greater detail the timings involved 

with the oscillator start-up timer. In this example the 

low frequency crystal start-up time is larger than 

power-up time (tpwrr). 

tosci= time for the crystal oscillator to reacr 
oscillation level detectable by the oscillator 
start-up timer (OST) 

tost= 1024 tose 
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3.5 Sleep Mode 


The full static design of the PIC17C42 makes it possible 
to put the part in a power saving SLEEP (or power down) 
mode in which all on chip clocks are stopped. 


The SLEEP mode, entered by executing a SLEEP 
instruction, shuts down the oscillator, sets TO (bit3, 
CPUSTA), clears PD (bit2, CPUSTA) the Watchdog 
Timer and its prescaler. In XT or LP mode, both OSC1 
and OSC2 are placed into high-impedance state. In EC 
and RC modes, OSC1 pin is placed in high-impedance 
state while OSC2 is driven low. No clocks are presented 
to the internal logic even when an external clock is 
present on the OSC1 pin. The chip will remain in a 
completely static condition with the following excep- 
tions: 


a) If the Watchdog Timer is enabled, it will keep 
running and will consequently wake up the chip on 
time-out. 

Signal edges on the TOCKI pin (rising or falling 
whichever is defined to be the active edge by the 
RTEDG control bit) will increment the TMRO 
prescaler (an asynchronous ripple counter) if an 
extemal clock source is selected for TMRO. The 
TMRO itself will not increment. 

Any external interrupt event, such as RT, INT, 
capture1 or capture2 interrupt will wake the proces- 
sor provided the corresponding interrupt mask bit 
was enabled when entering SLEEP mode. If global 
interrupt disable is off (GLINTD=0) then the chip will 
jump to corresponding interrupt vector on wake-up. 
Otherwise the chip will wake up and resume execut- 
ing without responding to the interrupt (i.e. will not 
branch to interrupt vector). 

Any peripheral operating independent of the inter- 
nal processor clock can change its status due to 
external events. Specifically, the serial port receive 
shift register will shift in data in synchronous slave 
(external clock) mode. 


Besides the on-chip oscillator, any circuitry that con- 
sumes_ current is turned off in SLEEP mode. This 
includes the entire EPROM ang, in particular, the EPROM 
fuses. The only fuses that will remain active are the WDT 
fuses (FWDTO, FWDT1). If minimal SLEEP current is 
desired, the user should consider turning off the watch- 
dog timer. Since fuses consume current in ‘1° state. 
Turning WDT off not only saves the operating current it 
requires, but also saves fuse current due to FWDT1 or 
FWDTO fuses. All I/O pins maintain their status during 
SLEEP. 


b) 


-C) 


d) 


3.5.1 WAKE-UP FROM SLEEP 


Once the chip has entered the SLEEP mode it can only 
be awakened by one of the following events: 


a) Bringing VoD down to zero and back up to opera- 
tional level will induce a power on reset and wake up 
the chip. seleuttot 
Applying a “low” level on MCLR pin 
A Watchdog Timer timeout (WDT must be en- 
abled). TO status bit will be cleared in this case. 
The following interrupts can wake up the processor 
from SLEEP: 
1. External interrupt on TOCK! pin 
2. External interrupt on INT pin 
3. Capture interrupt, due to a capture event on the 
RBO/CAP1 pin. The prescaler on the capture 
input will operate during SLEEP. The actual 
capture of the timer value will occur when execu- 
tion resumes after wake-up (which is therefore, 
not meaningful). 
. Capture2 interrupt. 
. Input change on PORTB interrupt 
. Synchronous slave mode transmission interrupt: 
If synchronous transmission is in progress (using 
external clock) at the time the processor is put to 
SLEEP, aTBMT interrupt will be generated at the 
end of the transmission and wake the chip-up. 
7. Synchronous slave mode reception interrupt: If 
synchronous reception is enabled (CREN = 1) 
before the chip goes into SLEEP, then RBFL 
interrupt will be set at the end of a reception (if a 
receive word came during SLEEP) which will 
wake the chip-up. 


If GLINTD = 0, the normal interrupt response takes 
place. If GLINTD = 1, the chip will resume execution 
starting with the instruction following the SLEEP instruc- 
tion. It will not vector to interrupt service routine. 


b) 
Cc) 


d) 


On 


If selected oscillator type is XT or LF then the Oscillator 
Start-up Timer (OST) is activated on wake-up. This will 
mean that the timer will keep the part in reset for 1024 
tosc. The user needs to take this into account when 
considering interrupt response time coming out of SLEEP. 
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3.5.2 _INTERRUPT/SLEEP INTERACTION 


If an interrupt occurs during the very cycle a SLEEP 
instruction is fetched, it will be recognized in the follow- 
ing cycle (which is the execution cycle of the SLEEP 
instruction) preventing the processor from going into 
SLEEP. The SLEEP instruction will effectively execute 
as a single cycle NOP. The PD bit will not be cleared. 


FIGURE 3.5.1 - CPUSTA REGISTER 


RW RW RW 


re STKAV [bowel Te TT 


3.5.3 MINIMIZING CURRENT CONSUMPTION IN 
SLEEP MODE 


The SLEEP mode is designed to reduce power con- 
sumption. To minimize current drawn during SLEEP 
mode, the user should turn-off output drivers that are 
sourcing or sinking current, if it is practical. Weak pull- 

ups on port-pins should be turned off, if possible. All 
inputs should be either at Vss or at Von (or as close to 
rail as possible). An intermediate voltage on an input pin 
causes the input buffer to draw a significant amount of 
current. 


Register. CPUSTA R = Read only 

File 06h R/W = Readable/Writabie bit 
Power-on-Reset Value: | U = Unimplemented, reads as 'O' 
00111100b 


Power-down status bit. 

PD = 0 indicates that the chip was in power-down (SLEEP mode). 
PD is set to '1' on power-on reset. 

It is cleared when a SLEEP instruction is executed. 

It is unaffected otherwise. The user should look at this coming 

out of reset to determine how the reset was caused (Table 4.5.1.1). 


Time-out status bit. 

TO =0 indicates WDT time-out. TO is set on power-on reset. 

It is cleared when WDT times out. It is unaffected otherwise. 

The user should look at this coming out of reset to cetera: how 
the reset was caused (Table 4.5.1.1). 


Global Interrupt Disable bit. 


GLINTD = 0: Enables all interrupts. For an interrupt to be 


enabled, its individual enable bit must also be a'1'. 
GLINTD = 1: Disables all interrupts. 


Stack available bit. 

STKAVL = 2 indicates stack is available. . 

STAKVL = 0 indicates stack is full or a stack-error may have occured. 
See section 3.6.1 for a detailed description. 





TABLE 3.5.1.1 - WAKE - UP AND RESET FUNCTION TABLE 


. Chip function after event 


Chip Status Oscillator 
before event Circuit OST 


Power on reset 
MCLR reset 
SLEEP instruction 
MCLR wake-up 
WDT time-out 
WDT wake-up 
Interrupt 


Don't care 
Normal operation 
Normal operation 
SLEEP 

Normal operation 
SLEEP 

Normal operation 


ceeoeoeocxHc — 
eceeecelrcoc = 


Interrupt wake-up SLEEP,GLINTD=0 


interrupt wake-up SLEEP,GLINTD=1 


i= 
i 


Legend 


The instruction at “N+1” executed, after wake up. 
Step 2 depends on the status of the GLINTD bit at 
the time of the event. If GLINTD was “0”, the 
program will vector to the interrupt routine. 

OST timer is activated only in XT and LP oscillator 
modes. (Sec. 4.4) 


PC Program Counter contents after the event 
TO Time Out status bit after the event 

PD Power Down status bit after the event 

N Address of SLEEP instruction 

U  Nochange takes place 
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3.6 Watchdog Timer 


The PIC17C42 has an on-chip Watchdog Timer whose 
function is to recover from software malfunction. The 
Watchdog Timer is an 8-bit asynchronous ripple counter 
with an 8-bit prescaler ( also an asynchronous ripple 
counter). The watchdog timer always runs off its own 
internal RC oscillator. The Watchdog Timer is not read- 
able or writable. It is not mapped in data or program 
memory space. Two EPROM fuses provide four oper- 
ating options for the Watchdog Timer: 


FWDT1,/ WODT Clock WOT Function 
— Input Source Input Clock bid 
ia 













WDT runs with prescale = 256 | 3 sec 
WOT runs with prescale = 64 
WOT runs with prescale = 1 
WODT runs as a regular timer 
with prescale = 256 
Note: 0 implies a programmed fuse. 


Fuses FWDT1 abd FWDTO are mapped in program 
memory locations FEO3h and FEO2h respectively. See 
Section 4.8 for details on how to program fuses. 


The Watchdog Timer and its prescaler are reset and the 
timeout bit, TO (bit3, CPUSTA) set to ‘1’ if: 

a. A CLRWDT instruction is executed. 

b. ASLEEP instruction is executed. 

c. A power on reset occurs. 


Under normal circumstances, the user program is ex- 
pected to clear the Watchdog Timer ona regular interval. 
If the program fails to do so, the WDT will overflow and 
reset the chip. The Watchdog Timer and its prescaler are 
physically the same as the Power-up Timer (PWRT). 
They simply perform different roles in and outside reset 
condition. 


3.6.1 WDT AS A REGULAR TIMER 


Setting fuses FWDT1 and FWDT0 as 0’s will configure 
the WDT as a simple timer. In this mode the timer 
increments on internal OSC/4 clock with a prescale of 
256 (i.e. increments at OSC freq/1024 rate). On overflow 
TO bit is cleared, but the chip is not reset. In this mode 
the WDT is stopped during SLEEP. The TO bit is set 
when a CLRWDT instruction is executed. 


3.7 Code Protection and Write Protection 


The code in the user EPROM may be protected from 
piracy by selecting “code protected Microcontroller 
mode." This is done by blowing fuses FPMM1 and 
FPMMOto “0”. ATABLRD instruction, executed from the 
test EPROM attempting to read user EPROM will read 
encrypted data. However, if the instruction is executed 
from an address less than 2K (i.e. from user EPROM), it 
will read un-encrypted data. 


Further, any TABLWT instruction executed from the test 
EPROM and attempting to write to the user EPROM, will 
not result in programming of the destination. However, 
the instruction will still need to be terminated by an 
interrupt condition and the table latches will still be 
written. A TABLWT instruction, executed from an ad- 
dress less than 2K can program any user EPROM 
location regardless of code protection. 


The above measures essentially prevent read, verify or 
programming of any user EPROM location from outside. 
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3.8 Configuration fuses 


Configuration fuses are EPROM bits that can be pro- 
grammed (reads ‘0’) or left unprogrammed (reads ‘1’) to 
select between options (e.g. operating modes). For 
simplicity of programming they are mapped into pro- 
gram memory. This also makes it possible to read the 
fuse values (only in microcontroller modes). Each fuse 
is assigned one program memory location. In erased 
condition a fuse will read as a ‘1’. To program (or “blow”) 
a fuse, the user needs to write to the fuse address using 
a TABLWT instruction. Regardless of the data, a 


TABLWT to a fuse location will bow the fuse. The fuses 


and their addresses are shown in Table 4.8.1. 


Reading configuration fuses: Reading any fuse location 


in the address range FE00:FEO7h will read all eightfuse . 


values in the lower byte and all 1’s in the upper byte. 
Fuse located at FEOOh will show up in bit 0 and so on. 
The fuse locations are accessible only in microcontroller 
and secure microcontroller modes. In microprocessor 
and extended microcontroller modes, this section of the 
program memory is mapped external (see Figure 1.5.2) 
making the fuse locations inaccessible. 


TABLE 3.8.1 - CONFIGURATION FUSES 


FOSC1, FOSCO : 


00 : LF oscillator mode 
01 : RC oscillator mode 
10 : XT oscillator mode 
11 : EC (external clock mode) 


FWDT1, FWDTO: 


10 : WOT prescale is 256 
01 : WDT prescale is 64 
11: WDT prescale is 1 

00 : WDT is a normal timer 
FPMM1, FPMMO : 


00 : Microcontroller mode (code protected) 
10 : Microcontroller mode 

01 : Extended microcontrolier mode 

11 : Microprocessor mode 





FIGURE 3.8.1 - READING FUSE LOCATION 


Address FEO0:FEO7h 
bitt5 bit8 


| 0 [rem | 0 | reo] wort | Fworo | Fosct 
bit 


bit7 


4.0 OVERVIEW OF PERIPHERALS 


An array of sophisticated, high-speed peripherals are 
incorporated on chip to meet the demands of real-time 
applications. All peripherals are highly intelligent and 
have their own interrupts and error handling to free up 
the CPU as much as possible. There are three 16-bit 
timer/counters one of which can be split into two 8-bit 
timers creating up to four timer/counter resources. Two 
high-speed captures are provided for efficient interface 
to shaft encoders and other high-speed pulse train 
sources. Two high-speed pulse-width-modulation (PWM) 
outputs with up to 10-bit resolution make it possible to 
control a motor through power drivers. There are two 
external and several internal interrupt sources. The 
capture pins can be used as interrupt pins making it 
possible to have up to four external interrupts. Finally, 
there are 33 I/O pins most of which can be configured as 
inputs or outputs in software. A number of the I/O pins 
are multiplexed with peripheral functions or the system 
bus. In microcontroller mode 23 I/O pin are un-multi- 
plexed. 


4.1 The Bank Select Register (BSR) 


All the peripheral registers are mapped into the data 
memory space. In order to accommodate the large 
number of registers in the 256 byte data memory space 
without taking away from the general purpose data 
RAM, a banking scheme has been used. A segment of 
the data memory, from address 10h to address 17h, is 
banked. A bank select register (BSR, address OFh) 
selects the currently active “peripheral bank”. Effort has 
been made to group the peripheral registers of related 
functionality in one bank. However, it will still be neces- 
sary to switch from bank to bank in order to address all 
peripherals related to a single task. To alleviate this 
problem, a single cycle instruction, MOVLB (move literal 
value to BSR) is incorporated in the instruction set. In the 
PIC17C42 only the low four bits of the BSR are physi- 
cally implemented, making it possible to address up to. 
sixteen banks. Only four banks are actually used (see 
data memory map in Figure 1.6.1). 
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5.0 DIGITAL /O PORTS 


The PIC17C42 has five ports A, B, C, Dand E. Together 
these add up to 33 port pins. Most port pins have an 
associated data direction bit which configures it as input 
(DDR bit=’1') or output (DDR bit=’0'). When a port pin is 
read as an input, the value on the pin (and not the data 
latch) is read. 


Most port pins are multiplexed with the system bus or 
peripheral functions. These pins are configured as port 
pins or peripheral inputs/outputs by control bits in corre- 
sponding peripheral registers. Once a port pin is se- 
lected for an alternate function, its direction will be 
determined by the peripheral logic which will force the 
DDR bit to the required state. 


Ports A, B, C, D and E and their associated DDR 
registers are mapped into the data-memory. Ports C, 
D and E multiplex with the system bus (AD <15:0>, 
ALE, WR and OE). 


TABLE 5.1.1 - PORT A FUNCTIONS 





RAO/INT 


RA1/TOCKI 


Input only (Schmitt Trigger) port pin 


Input only (Schmitt Trigger) port pin 


drain output. 


Input only (Schmitt Trigger) port pin 





No pin associated 








[Port Pin Bit Pin function Alternate function 






input/output pins with Schmitt Trigger input and open- 


Touse either of these two pins as an input, the user must 
write a '1' to the port data latch. If used as an output, 
external pull-up resistor must be provided. These pins 
can be pulled up to voltages higher than Vcc. 

Also, these two port pins provide higher current sink 
capability (See DC specs for details). 







Input only (Schmitt Trigger) port pin 





Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
tothe PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 


EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
VO PORT 


; Initial PORT settings: PORTB<7:4> Inputs 

; PORTB<3:0> Outputs 

; PORTB<7:6> have external pull-up and are not 

; connected to other circuitry. 

; PORT latch PORT pins 





. 
7 


BCF PORTB, 7 ; Olpp pppp llpp pppp 
BCF PORTB, 6 ; 10pp pppp lipp pppp 
BSF STATUS, RPO ; 

BCF TRISB, 7 ; 10pp pppp lipp pppp 
BCF TRISB, 6 ; 10pp pppp 10pp pppp 


; Note that the user may have expected the pin 







INT external interrupt input 


TOCKI external interrupt input. It is also the 
external clock input for the TMRO timer/counter. 


If the SPEN bit (bit 7, RCSTA) is a '1' then this 
pin is configured by the serial port. 

In SYNC mode: It is data input or output (DT). 
In ASYNC mode: It is receive data input (RX). 


























If the SPEN (bit 7, RCSTA) bit is a ‘'1' then this pin 
is controlled by the serial port. 

In SYNC mode: It is either clock input (slave mode) 
orthe clock output (master mode) in ASYNC mode: 
It is the transmit data output (TX). 















This is a control bit (PUEB) for Port B. No port pin 
is associated with this bit. PUEB=0 enables weak 
pull-ups on Port B. 
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5.1.1 USING RA2, RA3 PINS AS OUTPUT FIGURE 5.1.1-PORTABLOCK | 
PORTA does not have an associated data direction | DIAGRAMS 

register. When using them as outputs, read-modify- a # | 

write instructions (such as BCF, BSF, BTF) are not FIGURE 5.1.1A - RAO AND RA1 


recommended on PORTA, since a read will read the 
port pins but a write will write to the port data latch. Such 
an operation may inadvertantly cause RA2, RA3 to 
switch from output to input or vice-versa. 


; values to be O00pp pppp. The 2nd BCF caused RB7 
; to be latched as the pin value (High). | 


5.1 PORTA 


File 10h in Bank 0 is PORTA, a 6-bit port. There is no 
Data Direction Register associated with this port. PORTA 
is multiplexed with peripheral functions as described in 
Table 5.1.1. See Figure 5.1.1 for block diagram of 
PORTA and 5.0.1 for read/write timing. 


FIGURE 5.0.1 - /O PORT READ AND WRITE 
TIMING 





Qt |2 | a3 |a4;a1 jaz |a3|a4ja1 ja2|a3|04) 
| | | | 
| 












AD <15:0> 


Instruction 
fetched | 


NOTE: I/O pins have protection diodes to Vss. 





MOVWF PORTA jMOVEr PORTA) l 


ALE FIGURE 5.1.1C - RA4 AND RAS 


PORTA SERIAL PORT 


INPUT SIGNA 


pha 
Rr 





WR_PORTA 


AB PORTA, ee YN 





| oa | 
| | | Port pin | 
Sampled here | 

RD_POR 
execute MOVWF execute MOVPF 7 (a2) 
PORTA PORTA,W | 


| Write to portA | Read port A <. Serial port output signals 


The example shows a write to PORTA followed by a read from PORT A 





OE = SPEN.SYNC.TXEN.CREN.SREN for RA4 
OE = SPEN (SYNC+SYNC.CSRC) for RAS 





NOTE: I/O pins have protection diodes to Vop and Vss. 


5.1.2 SUMMARY OF PORT A REGISTERS 


Register Name Function Address Reset Value 


PORTA Port A pins when read, Port A latch when written Bank 0, File10h OOXXXXXb 
(RA2/RAS only) 


RTCSTA RTCC status/control register (configures RAO/INT File O5h 0000000b 


& RA1/TOCKI pins) 
RCSTA Serial port receive status/control register (configures BankO, File18h = 000000Xb 
RA4/RX/DT and RA5/TX/CK pins) 
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5.2 PORTB 


PORTB is an 8-bit wide bidirectional port. It is mapped 
in BankO, File 12h. Writing to this address writes to the 
port latch while reading it will read the port pins. An 8-bit 
data direction register (DDRB, Bank 0, File 11h) config- 
ures each port pin as an input or output. A ‘0’ in the ‘DDR’ 
register configures the port as an output. Each port pin 
also has a software configurable weak pull-up (~100 WA 
typical). A control bit PUEB (bit 7, Bank 0, File 10h, 
Register PORTA) can enable (PUEB = ‘0’) or disable 
(PUEB = ‘1’) the pull-ups. The weak pull-up is turned off 
for any pin configured as output. 


Most of the pins of PORTB are multiplexed with periph- 
eral functions. Table 5.2.1 describes their alternate 
functions. When a pin is redefined to be a port pin from 
a peripheral pin, its data direction bit may be left in an 
unknown state. The user will need to re-initialize the 
DDR bit properly. See Figures 5.2.1 and 5.2.2 for block 
diagrams of PORTB and Figure 5.0.1 for read/write 
timing. 


TABLE 5.2.1 - PORTB FUNCTIONS 





Port Pin 










RBO/CAP1 


RB1/CAP2 bit 1 


RB2/PWM1 a 














RB3/PWM2 


RB4/TCLK12 


RB5/TCLK3 


RB7 


| ito Input/Output port pin with Schmitt Trigger input CAP1: Capture1 input 
Input/Output port pin with Schmitt Trigger input CAP2: Capture2 input 


Input/Output port pin with Schmitt Trigger input 


Input/Output port pin with Schmitt Trigger input 


Input/Output port pin with Schmitt Trigger input TCLK12: external clock input for timer1 and 
timer2 


Input/Output port pin with Schmitt Trigger input TCLK3: external clock input for timer3 
Input/Output port pin with Schmitt Trigger input ee 


bit 7 Input/Output port pin with Schmitt Trigger input 


PORTB also has an “interrupt on change’ feature. When 
configured as input, its output data latch can be used as 
a compare latch. An active high output is generated on 
mismatch between the pin and the latch. The “mis- 
match” outputs of all the input pins are OR-ed together 
to generate the IRB interrupt. All the output pins are 
excluded from the comparison. Thus, an interrupt is 
generated when the port input changes. This interrupt 
can wake the chip up from SLEEP mode. 


The interrupt is latched in the IRB bit (bit-7, Register PIR, 
Bank1, File 16h). IRB is readable and writable by the 
CPU. The user, in the interrupt service routine, can clear 
the interrupt in one of two ways: 


a) Disable the interrupt by clearing the corresponding 
interrupt enable bit, IEB. 

b) Read PORTB and write back the pin value to the 
data latch. This will end mismatch condition and 
therefore the mismatch output. Next, the user must 
clear bit IRB. 






PWM1 output. This pin is configured as the 
PWM1 output if the contro! bit PWM1ON (bit 
4, Register TCON2, Bank 3, File 17h) is set to 
'{ * 

















PWM2 output. This pin is configured as the 
PWM2 output if the control bit PWM20ON 
(bit 5, Register TCON2, Bank 3, File 17h) is 
a ‘ 
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FIGURE 5.2.1 - BLOCK DIAGRAM OF PORT PINS RBO, RB1, RB4 - RB7 


Peripheral data in 


Weak PUEB 
Pull up /___—~ — ~~ -(bit7 Register PORTA 
, Match Signal 
, from other 
; port pins 


Rd_DDRB (Q2) 
Rd_PortB (Q2) 


WR_DDRB (Q4) 


WR_PORTB (Q4) 


NOTE: I/O pins have protection diodes to VoD and Vss. 
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FIGURE 5.2.2 - BLOCK DIAGRAM OF PORT PINS RB<3:2> 


Peripheral data in 


Weak PUEB 
ull up 
| Match Signal 
' | from other 
, port pins 


| 
| 
| 
| 
! 


' 


Data Bus 





Rd_DDRB (Q2) 
Rd_PortB (Q2) 


WR_DDRB (04) 


WR_PORTB (Q4) 


PWM output 


PWW_select 


NOTE: I/O pins have protection diodes to Vop and Vss. 





5.2.1_ SUMMARY OF PORTB REGISTERS 


Register Name Function Address Reset Value 


PORTB PORTB pins when read Bank 0, File 12h XXXXXXXXb 
PORTB latch when written 


DDRB PORTB data direction register Bank 0, File 11h 11111111b 
PORTA (bit PUEB) PORTA data/ PUEB bit Bank 0, File 10h OOXXXXXXb 


PIR (bit IRB) Peripheral interrupt register Bank 1, File 16h 00000010b 
PIE (bit IEB) Peripheral interrupt enabie register Bank 1, File 17h 00000000b 
INTSTA (bit PEIE) Interrupt status register File O7h 00000000b 
CPUSTA (bit GLINTD) CPU status register File O6h 0011xXx00b 
TCON2 Timer/PWM/capture control registers Bank 3, File 17h 00000000b 
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5.3 PORTC ar input (if DDRC bit is ‘1’) or output (if DDRC bitis ‘0’). This | 
a port is multiplexed with AD<7:0>, the lower byte of the 
PORTC is an 8-bit wide bidirection port mapped in File | Address/Data bus. Bit 0 of PORTC is AD<0>. See 
11h, Bank 1. The corresponding data direction register Figure 5.3.1 for block diagram of PORTC and Figure 
DDRC (file 10h, Bank 1) can configure each pin as an  §.0.1 for read/write timing. | 


5.3.1 SUMMARY OF PORT C REGISTERS 


Register Name Function Address Reset Value 


PORTC PORTC pins when read Bank 1, File 11h XXXXXXXXb 
PORTC latch when written 


DDRC PORTC data direction register Bank 1, File 10h 11111111b 
INTSTA (bit PEIE) Interrupt status register — File O7h 00000000b 
CPUSTA (bit GLINTD) CPU status register File O6h 0011xx00b 





FIGURE 5.3.1 - BLOCK DIAGRAM OF PORTS C, D AND E 


- to D_BUS + IR 


INSTRUCTION READ 
(not present in Port E) 


Data Bus 


RD_PORTC 


WR_PORTC 


RD_DDRC 
WR_DDRC 


EX_EN 


DATA/ADDROUT SYS BUS 
oie ee Control 
DRV_SYS 


NOTE: I/O pins have protection diodes to VDD and Vss. 
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5.4 PORTD 


PORTD is an 8-bit wide bidirection port mapped in File 
13h, Bank 1. The corresponding data direction register 
DDRD (file 12h, Bank 1) can configure each pin as an 
input (if DDRD bit is ‘1’) or output (if DDRD bit is ‘0’). This 
port is multiplexed with AD<15.8>, the higher byte of the 
Address/Data bus. Bit 0 of PORTD is AD<8>. See 
Figure 5.3.1 for block diagram of PORTC and Figure 
5.0.1 for read/write timing. 


5.4.1 - SUMMARY OF PORTD REGISTERS 


Register Name Function 


PORTD PORTtD pins when read 


PORTD latch when written 
DDRD PORTD data direction register 


5.5 PORTE 


PORTE is a 3-bit wide bidirectional port mapped in data 
memory (file 15h, Bank1). The corresponding Data 
Direction Register, DDRE, is mapped at file 14h, Bank 1. 
Each port pin can be configured as an input (DDRE bit 
= ‘1’) or an output (DDRE bit = ‘0’). Only the three lowest 
significant bits are physically implemented in 17C42. 
The unimplemented bits read as ‘0’. See Figure 5.3.1 for 
block diagram of PORTE and Figure 5.0.1 for read/write 
timing. PORTE is multiplexed with control outputs ALE, 
WR and OE in external execution mode. 


Reset Value 
XXXXXXXXb 


Address 
Bank 1, File 13h 


Bank 1, File 12h 11111111b 





5.5.1 SUMMARY OF PORT E REGISTERS 


Register Name Function 
PORT E PORTE pins when read 


PORTE latch when written 


Reset Value 
00000XXXb 


Address 
Bank 1, File15h 





DDRE PORTE data direction register 


TABLE 5.5.1 - PORTE FUNCTIONS 


Pin Function System Bus Function 
External execution 


REO/ALE| bit 0 | Input/output port. | ALE output 
TTL input buffer. 


RE1/OE | bit 1 | input/output port. | OE output 
TTL input buffer. 


RE2/WR | bit 2 | input/output port. | WR output 
TTL input buffer. 





Bank 1, File14h 00000111b 
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6.0 UNIVERSAL SYNCHRONOUS 
ASYNCHRONOUS RECEIVER 
TRANSMITTER (USART) 


_ The serial port can operate either a full-duplex asynchro- 
nous mode or in a half-duplex clocked synchronous 
mode. Synchronous mode uses a bi-directional data pin 
and a bi-directional clock pin. In synchronous mode, the 
clock can be either internal (master mode) or external 
(slave mode). In asynchronous mode, the clock is 
always derived internally. A dedicated 8-bit Baud Rate 
Generator (BRG) is used for internal clock generation. In 
both modes, receiver and transmitter are double buff- 
ered, eight or nine data bits are supported and separate 
transmit and receive interrupts are available. 


6.1 Asynchronous Mode 


The asynchronous mode is selected by clearing the 
SYNC bit in the TXSTA register. Furthermore, SPEN bit 
(Serial Port Enable, bit 7, Register RCSTA, Bank 0) has 
to be set to enable RA4 and RAS as serial port pins. 
SPENE=0 will configure these pins as port pins. In asyn- 
chronous mode the RX pin receives data and the TX pin 
transmits data in a full duplex mode. Data is transmitted 
and received least significant bit first. Both receive and 
transmit operate on the same internally generated clock 
which is derived from the Baud Rate Generator (Register 
SPBRG, Bank 0, File 17h). Data on the RX pin is 
sampled on the seventh, eighth and ninth pulses ofa 16X 
(16 times the baud clock) internal clock. A majority of 
these three bits decide whether a one or a zero was 
received. In addition to the eight or nine data bits, one 
start bit and one stop bit are sent. Parity is not supported 
directly in hardware, but can easily be implemented in 
software. Asynchronous mode operation is stopped dur- 
ing SLEEP. 


6.1.1 ASYNCHRONOUS MODE TRANSMISSION 


Once asynchronous mode is selected (SYNC=0, bit 4 
Register TXSTA) and serial port outputs are enabled 
(SPEN=1, bit 7, Register RCSTA) transmission can be 
enabled by setting TXEN bit (bit 5, TXSTA register). 
Actual transmission will begin when a word is written to 
the transmit buffer register (TXREG, bankO, file 16h) and 
the Baud Rate Generator produces a shift clock (figure 
7.1.1.1). A start bit is sent out first (logic ‘0’), followed by 
eight or nine data bits and a stop bit (logic ‘1’). Transmit- 
ted data appears on RAS/TX/CK pin. Transmission can 
also be started by first writing a word to the TXREG and 
then setting TXEN. 


The transmit register (TXREG) is double buffered. As 
the user writes to TXREG, the data is transferred from 
the buffer to the transmit shift register (TSR), thus 
freeing up the buffer register. An interrupt is pending as 
long as TXREG is empty. Indicating that the transmit 
buffer register (TXREG) is free to accept another word. 
This interrupt request is bit 1 (TBMT) of PIR (peripheral 
interrupt request register; Bank 1, file 16h) register. This 
interrupt can be enabled or disabled by bit 1 (TXIE) of 
PIE (peripheral interrupt enable; Bank 1, file 17h) regis- 
ter. TXIE=1 enables the interrupt. Regardless of TXIE, 
the TBMT bit will always show the status of the TXREG 
buffer (can not be affected in software) and can be used 
as a Status bit. The interrupt request bit (TBMT) is read 
only. Therefore, to avoid unwanted interrupts (say, atthe 
end of a transmission) the user will need to mask off this 
interrupt. 


in addition to TXIE bit, two other bits will affect the 
transmit interrupt. They are: PEIE (bit3, INTSTA regis- 
ter, file O7h) that enables (if=’1') or disables (if=’0') all 
peripheral interrupts, and GLINTD (Global Interrupt Dis- 
able, bit 4, CPUSTA register, file O6h) bit that disables all 
interrupts if set. 


While TBMT (Transmit Buffer Empty) indicates the sta- 
tus of the transmit buffer register, another bit TRMT (bit1, 
register TXSTA) indicates the status of the transmit shift 
register. It is a read only bit. TRMT=1 implies transmit 
shift register is empty. The user can determine exactly 
when transmission is completed by polling this bit. 
TRMT is set after stop bit is sent out. 


CREN or SREN bits do not affect asynchronous trans- 
mission. Clearing TXEN during transmission aborts 
transmission, reverts TX pin to hi-impedance and resets 
the transmitter. 
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FIGURE 6.1.1.1 - ASYNCHRONOUS TRANSMISSION 


Write to TXREG ——_.-@$-$-$-$-$----——  # 
Write 
BRG output Word 1 
(shift clock) | { 5 ; 


TBMT bit 


Senn 1 


TX (pin : 
(om) ————\_ sar ait_ Xpto Xt XS SS Cate 7 sora 


(Transmit buffer ay SEY ae a 
reg. empty flag) 


A 


WORD 1 — 
TRMT bit Transmit Shift Reg 


(Transmit shift 
reg. empty flag) is es ¢ See | 


FIGURE 6.1.1.2 - ASYNCHRONOUS TRANSMISSION (BACK TO BACK) 





Write to TXREG |__|, -------_— 5 ——______-.--..—______ 
BRG output Word 1 Word 2 
(shift clock) ee tu _Ir—___St1——_1_____ 
TX (pin 
se gate <I Soar wen 


TBMT bit 


WORD 1) ————________plag———.. WORD 2 


(interrupt reg. DG oo 
flag) 4 


(Transmit shift 


WORD 2 
Transmit Shift Reg 


reg. | c 
empty flag) 


Note: This timing diagram shows two consecutive transmissions 


If 9-bit transmission is selected (TX8/9=1, bit 6, register 
TXSTA) the 9th bit should be written to TXD8 (bitO, 
TXSTA). This bit is double buffered as well. The 9th bit 
must be written before writing the data word to TXREG, 
since the latter triggers the transfer of the entire word to 
the transmit shift register. 


6.1.2 ASYNCHRONOUS MODE RECEPTION 


Data is received on RA4/RX/DT pin. Reception is en- 
abled by setting the CREN bit (bit4, register RCSTA). 
The SREN bit (bits, RCSTA) has no function in asyn- 
chronous mode. Reception begins when a start-bit is 
detected on RX pin. The Baud Rate Generator internally 
generates a 16x clock. Every incoming bit is sampled on 
the seventh, eighth and the ninth time slot and a majority 
detection is done to determine the value of the bit. After 
sampling the stop bit (i.e. halfway through stop bit), the 
received data is transferred to the receive buffer register 
(RCREG) if the buffer register is empty. The RCREG is 
actually a two word deep FIFO. Therefore, it is possible 
to receive two words, transfer them to RCREG and begin 
receiving the 3rd word in the receive shift register (RSR). 
If at the time of reception of the last bit of the third word, 
the RCREG has still not been read (and therefore is 
holding two words) then the receiver control logic will set 
the overrun error bit, OERR (bit1, register RCREG). In 
case of overrun, the word in the shift register is lost (i.e. 





it can not be read). The RCREG can be read twice to 
retrieve the first two words. The user will need to clear 
OERR by resetting the receiver (by clearing CREN). 
Clearing OERR is essential since once the overflow flag 
is set, the receiver simply stops transferring RSR to 
RCREG. 


The framing error bit, FERR (bit 2, Register RCSTA) and 
the ninth receive bit, RCD8 (bit 0, RCSTA) are buffered 
the same way as the receive data. Reading RCREG will 
load the RCD8 and FERR bits with new values. The 
user, therefore, must read the RCSTA register before 
reading the received data (RCREG) in order to obtain 
FERR and ninth data bit information. If the RCREG is 
read first, then the status register RCSTA will be loaded 
with new status information and the old information will 
be lost. The framing error bit, FERR, is set if the stop bit 
is detected to be a ‘0. 


A receive interrupt flag RBFL, is set (bitO, register PIR) 
when the receive shift register content is shifted to the 
receive buffer register. This interrupt can be enabled or 
disabled via the RCIE (Receive interrupt enable) bit 
(bitO, register PIE). RCIE=1 will enable the interrupt. The 
RBFL (receive buffer full interrupt flag) bit is a read only 
bit and is cleared when the receive buffer is read. 
However, if the receive shift register is full, it will transfer 
its contents to the receive buffer register and the RBFL 
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FIGURE 6.1.2.1 - ASYNCHRONOUS RECEPTION 





RX (pin) ——\ stant ar —BrO_X BET} {XB STORM stant ano 








Rev shift ¢ n 5 fl 55 
reg -—> 3 4 4 
Rev buffer reg ‘ Pee 9 as 
RCREG RCREG 
Read Rev - 


wacSTN 


RBFL bit so ee deaceet 


(interrupt flag) 





(overrun) bit to set. 





OERRbt — re 


{XB 7 STOP BT \ stant er} {YX BRE STOP BT 











5S ee - 





CREN a en, a a 


Note: This timi en shows 3 words appear on RX input. The RCREG (Receive buffer) is read after the 3rd word, therefore causing the OERR 





bit will be set again. To enable receive interrupt, the 
Peripheral Interrupt Enable bit, PEIE (bit3, INTSTA 
register). must be set and the Global Interrupt Disable 
bit, GLINTD (bit4, CPUSTA register), must be cleared. 


6.2 Synchronous Mode 


The synchronous mode is selected by setting the SYNC 
bit (bit4, TXSTA register). In addition, the SPEN bit (bit7, 
RCSTA register) must be set to configure the RA5/TX/ 
CK and RA4/RX/DT pins as CK (synchronous clock) and 
DT (sync data) pins respectively. Synchronous mode is 
half duplex with the DT pin as data input during reception 
and data output during transmission. The CK pin is clock 
output if internal clock option (master mode) is selected 
by setting the CSRC (bit7, TXSTA register) bit. If 
CSRC=’0' then the CK pin is clock input (synchronous 
slave mode). 


As in asynchronous mode, eight or nine data bits are 
transmitted or received. No start or stop bits are sent or 
received. | 


6.2.1 SYNCHRONOUS MODE TRANSMISSION 


Once the sync mode is selected (SYNC='1') and the 
serial port is enabled (SPEN='1', register RCSTA), 
transmission is enabled by setting the TXEN (transmit 


enable, bits, TXSTA register) bit. This will configure the. 


TX pin as an output. Actual transmission will begin when 
a word is written to the transmit buffer register (TXREG). 
The transmitter is double buffered. If the transmit shift 
register (TSR) is empty then the word will be transferred 
from TXREG to TSR. The first data bit will be shifted out 
at the next available rising edge of the clock. Data out 
is stable around the falling edge of the sync clock. 
Transmission can also be started by first writing a data 
word to TXREG and then setting TXEN='1'. This method 
may be advantageous when slow baud rates are se- 
lected, since the Baud Rate Generator is kept under 
reset when TXEN=CREN=SRENZ=0. Setting the TXEN 
bit will start the BRG, creating a shift clock immediately. 





The TBMT interrupt (bit1, PIR register) is pending when- 
ever the transmit buffer is empty and ready to accept 
another word. The interrupt has a corresponding mask 
bit (TXIE, bit1, Register PIE). TXIE="1' enables the 
transmit interrupt while TXIE=’0' disables it. Regardless 
of TXIE, TBMT will always show the status of the TXREG 
(not affected by software) and can be used as a status bit. 
To enable the transmit interrupt, Peripheral Interrupt 
Enable, PEIE (bit3, INTSTA register, file 07h) bit must be | 
set and Global Interrupt Disable, GLINTD (bit4, CPUSTA 
register, file O6h) bit must be cleared. 


While TBMT (Transmit Buffer Empty) indicates the status 
of the transmit buffer register, another bit TRMT (bit1, 
register TXSTA), indicates the status of the transmit shift 
register. It is a read only status bit. TRMT=1 implies that 
the transmit shift register is empty. The user can deter- 
mine exactly when transmission is over by polling this bit. 
TRMT is set after the last bit is sent out. 


If 9-bit transmission is selected, the ninth bit should be 
written to bit TXD8 (bit0, TXSTA). This bit is also double 
buffered. The ninth bit must be written prior to writing the 
data word to TXREG, since awrite to the TXREG triggers 
the transfer of the entire word to the transmit shift 
register. | 


in sync master mode, the CK pin will output clocks only 
during actual transmission (see Figure 7.2.1.1). In sync 
slave mode clock input may be present on the pin at all 
times. 


If TXEN is cleared during transmission of a word, trans- 
mission willbe aborted andthe DT and CK pins will revert 
to hi-impedance. If either the CREN or the SREN bit is 
set, transmission is also aborted and the DT pin will go 
into hi-impedance state (for reception). The CK pin will 
remain an output if CSRC=1 (internal clock). The trans- 
mitter logic, although disconnected from the pins, is not 
reset. The user must clear the TXEN bit to reset the 
transmitter. This is particularly important if the SREN was 
set to interrupt an ongoing transmission. In this case, 
after reception of a single word, the SREN bit will reset 
and the serial port will revert back to transmit mode (since 
TXEN is still set). This means the DT pin will turn around 
and start driving. To avoid this, TXEN should be cleared. 
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FIGURE 6.2.1.1 - SYNCHRONOUS TRANSMISSION 


a1 |a2|as] 4) 1 |22|23] 4|0»]02| aa] | |22|23] 06 as a2] ca |23|0« [ar |22| 22] a4|a1 |2|2s|04] 0 |22|¢s|a4| a+] a2|a3| a4 a1 a2|a3|a4|a1 | a2|a9|as | 


DT pin C" Bito >< _Biti < _ Bt2 XX \\ OK Bit? OX ito > bts OX CK SS Bit 7 


Write to 
TXREG 


Write word! Write word 2 | 


a ee Soe 


fceicateat = a eae emer cigs 


Note: Sync master mode; BRG = 0. Continuous transmission of two 8 bit words 





FIGURE 6.2.1.2 - SYNCHRONOUS TRANSMISSION (THROUGH TXEN) 


| 29| a4 a1 | a2| aa] as] a1] a2| as] a4] at] aa] a3| a4] a1] ca] aa] os | a1 | a2| a] axl ax | a2| as] a4 a1] a2] as] as! a1 a2| as a4 ar| ae|as| ax! a1| ae| as] a4 


DT pin CK Bt OK Bt OK Bit2 OK BitS OK Bitd OK Bits OKIE Bit 7 
CRO ee a le ee Lee “hae ee ee a LS 


Write to 
TXREG 
TXEN 


TBMT 
(Interrupt flag) 


TRMT a aad 


Note: Sync master mode transmission, BRG = 0. Transmission started by TXEN to '1' with data word already waiting in TXREG. 


FIGURE 6.2.1.3 - SYNCHRONOUS 
TRANSMISSION (SLAVE) 





DT pin (_ BitoO X_Bitt XBit2)\ X Bit6 X Bit7 


eed a Se ee 
White to 
TXREG a a a i 








6.2.2. SYNCHRONOUS MODE RECEPTION 


Data is sampled on the DT pin on the falling edge of the 
clock. Reception is enabled by either setting the SREN 
bit (Single Receive Enable, bits, RCSTA register) or the 
CREN bit (Continuous Receive Enable, bit4, RCSTA 
register). If SREN is set, one word is received after 
which SREN is reset in hardware. If the CREN bit is set, 
words are received continuously (and read off by the 
CPU presumably) until CREN is reset by software. If 
both CREN and SREN are set, then CREN will take 
precedence. 
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After a word is received completely, it is transferred from 
the receive shift register (RSR) to the receive buffer 
register (RCREG) thus freeing up the RSR to receive the 
next word. With CREN=1, it is possible to receive con- 
secutive data words without any discontinuity in be- 
tween. This makes it possible to receive data words of 
larger size, e.g. 16-bit. In synchronous slave mode the 
SREN bit is a don't care. 


The RCREG is actually a two-word deep FIFO. There- 
fore, it is possible to receive two words, transfer them to 
RCREG and begin receiving the third word in the receive 
shift register (RSR). If, at the time of reception of the last 
bit of the third word, the RCREG has still not been read 
(and therefore is holding two words) then the receiver 
control logic will set the overrun error bit, OERR (bit1, 
register RCSTA). In case of an overrun, the word in the 
shift register is lost (i.e. it can not be read). The RCREG 
can be read twice to retrieve the first two words. The user 
will need to clear OERR by resetting the receiver (by 
clearing CREN). Clearing OERR is essential since once 
overflow flag is set the receiver simply stops transferring 
RSR to RCREG. 
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An interrupt is issued when RSR transfers a data word 
to receive buffer register, RCREG, indicating that RCREG 
is full. The interrupt flag (RBFL, bitO, register PIR) can be 
masked by interrupt mask bit RCIE (Receive interrupt 
enable, bitO, register PIE). RCIE=1 enables the receive 
interrupt. 


The ninth bit of the received word is loaded into RCD8 
(bitO0, RCSTA). This bit is buffered the same way as the 
receive data. Reading the RCREG register will load the 
new ninth bit. Therefore, the user must read the RCSTA 
register before reading the received data word from 
RCREG. 


FIGURE 6.2.2.1 - SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 


Q2| as| a4] ax] a2| as| a4] at] a2] as| a4|at|a2|as| a4] ax] a2| as as | ai| a2| as] ad] at a2| as| a4] a1| a2] as] ae| ax] a2| as| a4| ax| a2| as a4] ar] a2| as| as] 


DT pin CRO TSK BX KI Bit 7 


CK pin 
Write to 


Ce ts. et tt A 
i ee ee | 


eS 


SREN bit 


CREN bit 


RBFL bit 
(interrupt) 


Read 
RXREG 


Note: Timing diagram demonstrates SYNC master mode with SREN = 1 and BRG = 0. 





FIGURE 6.2.2.2 - SYNCHRONOUS RECEPTION (MASTER MODE, CREN) 


as|as|as |a2|as|as|ar [a2 |as|as | 


jar | @2|as}as|a1 |a2 |as|a6| 


{a1 | ca] as] asjas | a2} a3| as| Jar {2 | aa] as| a1 [a2 | aa| asjar | a2] jas | 


DT pin cece pcan ders chance acl caex enna 


| WORD 17 | 
CK pin ae oe : 


WORD 3 


_ Synchronous master mode reception with CREN. Overflow occurs after two words have been received and reception of the 3rd 
word is almost complete. Resetting CREN resets the receiver, including the OERR bit. The two words are read which then clears 
the RBFL flag. The 3rd word is lost. 
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se: YNCHRONOUS SLAVE MOD 
MODE INTERACTION: 


When the part is put into SLEEP mode, all on chip phase 
clocks are stopped (part is held in Q1 state; see SLEEP 
section for details). In SLEEP, synchronous slave mode 
operation is possible because this mode uses external 
clock. 


SLEEP/sync slave receive: If receive is enabled (SREN 


= ‘1’) prior to invoking SLEEP mode, then a word may be 
received during SLEEP and at the completion of such 
reception the RSR will be transferred to RCREG (as- 
suming it is empty). Simultaneously, a receive interrupt 
will be generated which will wake the chip up, provided 
this interrupt was enabled (by setting RCIE = PEIE =‘1’). 
If GLINTD = ‘0’, then additionally the interrupt will be 
responded to by jumping to interrupt vector O020h. If the 
receive interrupt is disabled, prior to invoking SLEEP 
mode, then words are received during SLEEP without 
waking up the processor. Overflow bit will be set if three 
words are received. 


SLEEP/sync slave transmit: If two words are written to 
TXREG and then the chip is put into SLEEP the following 


sequence of events will occur. The first word will imme- 
diately transfer to the TSR. The second word will remain 
in TXREG. Transmit interrupt (TBMT) will stay inactive 
(low). As the first word is shifted out, the second word will 
transfer from TXREG to TSR and the transmit interrupt 
(TBMT) will be raised again. This will wake up the chip 
provided the interrupt was not masked (i.e. TXIE = PEIE 
= ‘1’). If GLINTD = 0, then branch to interrupt vector 
0020h will take place as well. 


LEEP 


6.3 Baud Rate Generator 


The serial port is equipped with a dedicated 8-bit Baud 
Rate Generator (SPBRG, bank®, file 17h). The SPBRG 
register is readable and writable. The SPBRG register 
controls the period of a free running 8-bit timer. In 
synchronous mode the baud rate is fosc/4(x+1) where 
fosc = oscillator or clock-in frequency and x = value 
written to SPBRG register. In asynchronous mode the 
baud rate is fosc/64(x+1). Tables 6.3.1 and 6.3.2 show 
baud rate values for different SPBRG value and clock- 
in frequency. SPBRG is unknown following Power-On 
Reset. 


Writing a value to the SPBRG clears the timer. This 
guarantees that the timer does not go through an over- 
flow cycle, before outputting the appropriate baud rate. 


6.4 rial Port Pins 


The serial port uses two pins, RA4/RX/DT and RA5/TX/ 
CK. If SPEN bit (bit 7, RCSTA) is set then these pins are 
controlled by the serial port. If SPEN=0, then they are 
configured as input only port pins. (Both pins have 
Schmitt Trigger input buffer.) 


SYNC SYNC ASYNC 
Master Mode | Slave Mode Mode 


DT: Data in/out 

Data output if TXEN=1 and CREN=0 
and SREN=0, Hi-impedance input 
otherwise 


CK: clock output 
Always a driven 
output 


Summary of 

















RA4/RX/DT | input only 
port pin 


RAS/TX/CK | input only 
port pin 


RX: Receive 

input, Always 
hi-impedance 
input. 





















CK: clock input 
Always hi- 
impedance 
input 


TX: Transmit 
Driven output 
if TXEN=1. 
Hi-impedance 
input if 
TXEN=0 
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TABLE 6.3.1 - BAUD RATES FOR SYNCHRONOUS MODE 


SPBRG fosc = 20MHZ 
value 


(decimal) 


tosc = 25MHz 
KBAUD 


%ERROR 


KBAUD 


7.15909MHZ 


%ERROR KBAUD 


3.579545MHz {MHZ 


KBAUD 


KBAUD %ERROR 


%ERROR 


%ERROR 


%ERROR 


SPBRG 


value 


(decimal) 


value 
(decimal) 


SPBRG 
value 
(decimal) 





SPBRG 
value 
(decimal) 


16MHZ 


KBAUD %ERROR 


SPBRG 
value 
(decimal) 


fosc =5.0688MHZ 


KBAUD %ERROR 


SPBRG 
value 
(decimal) 


32.768KHZ 


KBAUD %ERROR 
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TABLE 6.3.2 - BAUD RATES FOR ASYNCHRONOUS MODE 


fosc = 25MHz 


KBAUD %ERROR 


10MHz 


KBAUD %ERROR 


3.579545MHz 


KBAUD %ERROR 


SPBRG 
value 
(decimal) 


SPBRG 
value 
(decimal) 


SPBRG 
value 
(decimal) 


20MHZ 


KBAUD %ERROR 


7.15909MHZ 


KBAUD %ERROR 


1MHZ 


KBAUD %ERROR 


SPBRG 
value 
(decimal) 


SPBRG 
value 
(decimal) 


SPBRG 
value 
(decimal) 


16MHZ SPBRG 
value 
KBAUD %ERROR (decimal) 


fosc =5.0688MHZ SPBRG 
value 
KBAUD %ERROR (decimal) 


32.768KHZ SPBRG 
value 
KBAUD %ERROR (decimal) 


-14.67 
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6.4 Serial Port Registers 
6 .4.1_ SUMMARY OF SERIAL PORT REGISTERS 


_ Function | | Address | Reset Value 
Receive status/control register Bank 0, File 13h 0000000Xb 
Receive buffer register Bank 0, File 14h XXXXXXXXb 
Transmit status/control register Bank 0, File 15h 0000001xXb 
Transmit buffer register Bank 0, File 16h XXXXXXXXb 


Baud Rate Generator Bank 0, File 17h XXXXXXXXb 


Peripheral interrupt flag register Bank 1, File 16h 00000010b 
Peripheral interrupt enable register Bank 1, File 17h 00000000b 
Interrupt status register | File O7h 00000000b 
CPUSTA CPU status register File O6h 0011Xx00b 





FIGURE 6.4.1.1 - RCSTA: RECEIVE STATUS & CONTROL REGISTER 
R/W R/W R/W R/W U R R R 
Register RCST. =R i 
[sen [ ncwe | snew [ crew [ wnses [rene [ oem | e_ 
U = Unused, reads as 0 


Oth bit of receive data 




















Overrun error bit. 
1 = overrun Reset by clearing CREN 


Framing error bit. 
1=framing error 






Continuous receive enable bit 
In async mode: CREN=1 enables reception 

In sync mode: CREN=1enables continuous reception 
until CREN is cleared CREN overrides SREN. 





Single receive enable (sync mode only). SREN=1 will 
enable reception. SREN is cleared after reception is 
complete. This bit is don't care in async mode. 


RC8/9=1: Selects 9 bit reception. 
RC8/9=0: Selects 8 bit reception. 







Serial port enable: SPEN=1 configures RA4/RX/DT 
and RAS/TX/CK pins as serial port pins. 







FIGURE 6.4.1.2 - TXSTA: TRANSMIT STATUS & CONTROL REGISTER 
R/W RW R/W RW U U R R/W 
; R == Read only bi 
en te a PW _ Roadeble and writable bit 
; U = Unused, reads as 0 


9th bit of transmit data 












Transmit shift register (TSR) empty 
TRMT=1: TSR empty 






















SYNC=1: Synchronous mode 
SYNC=0: Asynchronous mode 





TXEN=1: Transmit enabled 
TXEN=0: Transmit disabled 
SREN/CREN overrides TXEN 


TX8/9=1: Selects 9 bit transmission 
TX8/9=0: Selects 8 bit transmission 





SYNC mode: CSRC=1: Internal Clock 
CSRC=0: External Clock 
ASYNC mode: Don't care. 








DS30073D-page 42 | P re | i Mm i na ry © 1994 Microchip Technology Inc. 
2-644 


PIC17C42 





7.0 TIMER/COUNTERS: OVERVIEW 


The PIC17C42 has a rich set of timer/counters: Two 
8-bit timer counters (also configurable as one 16-bit 
timer/counter) and two 16-bit timer/counters. These can 
be configured as: 


-Two 16-bit + two 8-bittimer/counters 
-Three 16-bit timer/counters 
A brief overview of these timer/counters is as follows: 


TMRO: TMRO is a 16-bit timer/counter consisting of two 
8-bit sections (TMROH, TMROL). Ithas a programmable 
8-bit prescaler. TMRO can increment off internal clock 
(OSC/4) or external clock input on the RA1/TOCKI pin. 
TMRO generates an interrupt on overflow. 


TMR1, TMR2: These are two 8-bit timer/counters. They 
each have an 8-bit period register (PR1 and PR2 respec- 
tively) and an interrupt. In counter mode, their clock 
comes from pin TCLK12 (shared between the two timer/ 
counters). They can be configured as a 16-bit timer/ 
counter with interrupt and a 16-bit period register. 


TMR3: Timer3 is a 16-bit timer/counter consisting of two 
8-bit sections TMR3H and TMR3 L. Ithas a 16-bit period 
register (PR3H, PR3L), an interrupt and an external 
clock source (pin TCLK3) in counter mode. 





FIGURE 7.2.1.1 - TMRO MODULE BLOCK DIAGRAM 


7.1 Role of the Timer/Counters 


The timer/counters are general purpose. However, they 
have special usage. TMRO is physically part of the ‘core’. 
It is planned that future variations of the PIC17CXX 
family will include this timer. Therefore, time dependent 
code, e.g. real time operating system or clock/calender 
type software can be written using RTCC and ported to 
future PIC17CXX family members. 


TMR3 is also used for 16-bit capture function as is 
described in capture section. Timers TMR1 and TMR2 
can be used as time bases for PWM1 and PWM2 
outputs respectively. Alternately, TMR1 can run both 
PWM outputs and thus free up TMR2 to be a general 
purpose timer. 


These timers are not needed to do the following func- 
tions: Watchdog Timer (it’s a separate timer); Baud Rate 
generation for serial communication (serial port has its 
own 8-bit Baud Rate Generator). 


7.2 TMRO Module 


The TMRO module consists of a 16-bit timer/counter, 
TMRO (high byte TMROH, file OCh and low byte TMROL, 
file OBh), an 8-bit prescaler, and the RA1/TOCKI pin as 
the source of external clock signal. The control bits for 
this module are in register RTCSTA. 


Interrupt on overflow 
sets TO 
(bit 5, register INTSTA) 





Prescaler 


Pi Soe Synchronization TMROH <8> | TMROL <8> 


counter) 


RTEDG 
(bit 6, RTCSTA) 


TIC 
(bit5, RTCSTA) = RTPS <3:0> 
(bit <4:1>, RTCSTA) 
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FIGURE 7.2.1.2 - RTCSTA: TMRO STATUS/CONTROL REGISTER 







7.2.1_TMRO OPERATION | 

TMRO increments either on internal clock, OSC/4 (if 
T/C = ‘1’ in RTCSTA) or on external clock (counter 
mode) on TOCKI pin (if bit T/C = ‘0’ in RTCSTA). If 
external clock is chosen, increment can occur on either 
the rising edge (RTEDG = ‘1’ is RTCSTA register) or the 
falling edge (RTEDG = ‘0’ is RTCSTA register). The 
prescaler can be programmed to introduce a prescale of 
1:1 to 1:256 in either timer or counter mode. The timers 
increment from 0000h to FFFFh and roll over to O000h. 
On overflow, the TMRO interrupt request flag, TOIR (bit 
5, register INTSTA), is set. The TMRO interrupt can be 
masked off by clearing the corresponding interrupt mask 
bit, TOIE (bit 1, INTSTA). The interrupt request flag, 
TOIR, must be cleared in software. 


INTEDG | RTEDG | Tic | rps | RTPS2 RTPS1 | RTPso | unused | Register RTCSTA R/W : Readable/Writable 
| bitO 






File 05h 
Reset Value: 00h 


Prescale Value Selection 
RTPS <3:0> Prescale Value 
















0000 1:1 
0001 1:2 
0010 1:4 
0011 1:8 
0100 1:16 
0101 1:32 
0110 1:64 
0111 1:128 


1XXX 





: Timer mode, i.e. clock source is internal (OSC/4) 
: Counter mode, i.e. clock source is external (RT pin) 








: TMRO increments and/or RA1/TOCKI interrupt 
generated on a falling edge on RA1/TOCKI pin. 

: TMRO increments and/or RA1/TOCKI interrupt 

generated on a rising edge on RA1/TOCK! pin. 


oh 


: INT interrupt generated on falling edge on INT pin 
: INT interrupt generated on rising edge of INT pin 





—- © 


7.2.2 READ/WRITE CONSIDERATION FOR TMRO 


Although the TMR0O is a 16-bit timer/counter, only 8-bits 
at a time can be read or written. This could create a 
problem unless care is taken. 


Reading 16-bit value: One problem in reading the entire 
16-bit value is that after reading the low (or high) byte it 
may change from FFh to OOh. This can be handled in 
software as follows: 


movpf tmrOl, tmplo ;read lo tmr0 
movpf tmrOh, tmphi ;read hi tmr0 
movfp tmplo, wreg z;tmplo — wreg 
cpfslt tmrOl, wreg z;tmrQl < wreg? 
retfie sno then return 
movpf tmrOl, tmplo ;read lo tmr0 
movpf tmr0h, tmphi ;read hi tmr0 
retfie ;return 


Interrupts must be disabled during this subroutine. 


FIGURE 7.2.2.1 - TMRO TIMING: WRITE HIGH OR LOW BYTE 


at jae jas |as ar [a2 | a3 | a4 ar jaz |a3|a¢ ar }a2 | a3|a4 a1 ja2|a3 a4, 


ope Cap aa EX) EX) XD 


| MOVFP METERS | MOVFP THRO. MOVFP TMROL,W | MOVFP Toho MOVFP Bed 


Write to TMROL 
| executed 


Read TMROL. 
Reads NRT | Reads NRT | Reads NRT+1 | 


Read TMROL Read TMROL 
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Writing a 16-bit value to the TMRO: Since writing to either 
TMROL or TMROH will effectively inhibit increment of 


that half of the TMRO in the next cycle (following write), 
but not inhibit increment of the other half, the user must 
write to TMROL first and TMROH next in two consecutive 
instructions, as shown below: 


BSF CPUSTA, GLINTD ; Disable interrupt 
MOVFP RAM_L, TMROL : 

MOVFP RAM_H, TMROH ; 

BCF CPUSTA, GLINTD ; Done, enable interrupt 


Interrupt must be disabled. The user should note that a 
write to TMROL or TMROH will reset the prescaler. 


7.2.3 EXTERNAL CLOCK CONSIDERATIONS 


When the external clock input is used for TMRO, it is 
synchronized with the internal phase clocks. Therefore, 
the external clock input must meet certain requirements. 
Also, there is some delay from the occurrence of the 
external clock edge to the incrementing of TMRO. Refer- 
ring to Figure 7.2.3.1, the synchronization is done after 
the prescaler. The output of the prescaler (PSOUT) is 
sampled twice in every instruction cycle to detect a rising 
or a falling edge. Therefore, it is necessary for PSOUT 
to be high for at least 2tosc or low for at least 2tosc where 
tosc= oscillator time period. 


When no prescaler is used (i.e. prescale is 1:1) : PSOUT 
is the same as the TMRO clock input and therefore the 
requirements are: 


Tar = RA1/TOCKI high time > 2tosc + 20ns 
Tan = RA1/TOCKI low time 2 2 tosc + 20ns 


When prescaler is used: the RA1/TOCKI input is divided 
by the asynchronous ripple counter-type prescaler and 
so the prescaler output is symmetrical. The require- 
ments are then: 


PSOUT high time = PSOUT low time = NT ar 
where T,, = RA1/TOCKI input period and 

N = prescale value (2, 4, ...., 256). 

Therefore ou ar = 2tosc + 20 ns, or T,,, 2 4 tosc + 40ns 


The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time or 
low time on the TMRO input is too small then the pulse 
may not be detected, hence a minimum high or low time 
of 10ns is required, In summary, the TMRO input require- 
ments are: 


T,; = RA1/TOCKI period = (4tosc + 40 ns)/N 
Tay = RA1/TOCKI high time > 10ns 
Tar = TOCKI low time = 10ns 


Delay from external clock edge: since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO is actually incremented. 
Referring to Figure 7.2.3.1, the reader can see that this 
delay is between 3tosc and 7tosc. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within + 4tosc (+ 160ns @ 25 MHz). 


FIGURE 7.2.2.2 - RTCC READ/WRITE IN TIMER MODE 


Q4 1Q1 
| 


Q4 1Q1 


a jae las | 
I 


oe [os 


as las as iat jae las i. 


Q41Q1 


[a2 las Pe iat Jae las Ps ; 
| 


| 


ALE en ee ee ee ee. 
| | | | | | | 
Instruction | MOVFP MOVFP MOVPF MOVPF MOVPF MOVPF 
fetched | DATAL, TMROL DATAH, TMROH, TMROL, W TMROL, W TMROL, W TMROL, W ' 
Write TMROL Write TMROH Read TMROL Read TMROL Read TMROL Read TMROL 
WR_TMROL | | 
| | | | I | | 
WR_TMROH re ee ee | a: ee eee 
| | I | | | | 
Ee eee ee ee 
| I | i | | | 
TMROW 2X 2X 8X | | | 
| | | | | | | 
I I | | | | | 
TMROL ] 


In this example, old TMRO value is 12FEh, new value of AB56h is written 
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FIGURE 7.2.3.1 - TMRO TIMING WITH EXTERNAL CLOCK 


| ai | a2 aa a4 ai | a2 a3 a4 at | ae aa ae ai | a2 aa| aa! 


Wy 


Prescaler | | 
| 
= 


Sampled 
Prescaler 
output 


Increment 
TMRO 


TMRO 
| | 


(note4) | 


/- (notes 


Note1: The TMRO increments on falling edges in this example 
Note2: The delay from the TOCKI edge to the TMRO increment is 3tosc-7tosc. 
Therefore, error in measuring the interval between two edges is + 4tosc. 


_ Note3: T= PSOUT is sampled here. 


Note4: The PSOUT high time is too small and is missed by the sampling circuit. 


7.2.4 SUMMARY OF RTCC REGISTERS 
Register Name Function 


TMROL TMRO Timer/Counter low byte 
TMROH TMRO Timer/Counter high byte 


RTCSTA. _ TMRO Status/Control 


INTSTA Interrupt Status Register 


CPUSTA CPU Status Register 


7.3 Timer1 & Timer2 


Timer1 (TMR1, Bank 2) and Timer2 (TMR2, Bank 2) are 
two 8-bit incrementing timer/counters, each with a pe- 
riod register (PR1, Bank 2 and PR2, Bank 2, respec- 
tively) and separate overflow interrupt. They can oper- 
ate as timers (increment on internal OSC/4 clock) or as 
counters (increment on falling edge of external clock on 
pin TCLK12). They can operate as two 8-bit timer/ 
counters or as a single 16-bit timer counter. TMR1 and 
TMR2 are also used as the time base for the PWM (pulse 
width modulation) module. 


Z IMER2 IN 8-BIT 


8-bit mode is selected by setting 16/8 (bit 3, register 
TCON'1) to ‘0’. In this mode, TMR1 will be configured as 
a timer if control bit TMR1C (bit 0, register TCON1) is ‘0’ 
and increment once every instruction cycle (OSC/4). 
Setting bit TMR1C = ‘1’ will configure TMR1 as a 





Address Reset Value 
File OBh . XXXXXXXXb 
File OCh XXXXXXXXb 
File O5h 00000000b 


File O7h 00000000b 
File O6h 0011Xx00b 





counter. As a counter, TMR1 will increment on every 
negative edge on pin TCLK12. Since TCLK12 input is 
synchronized with internal phase clocks, it has to satisfy 
certain requirements. TCLK12 must be high for at least 
(0.5Tcy + 20)ns and low for at least (0.5Tcy + 20)ns 
where Tcy = 4tosc. TMR1 increments from 00h until it is 
equal to PR1 and then resets to OOh at the next incre- 
ment cycle. An interrupt is generated when reset occurs 
which is latched in bit TM1IR (TMR1 Interrupt Request 
Flag, bit 4, PIR). This bit can be masked off by setting bit 
TM1IE (TMR1 Interrupt Enable) to '0'. In order for the 
TM1IR interrupt to be recognized, the Peripheral Inter- 
rupt Enable bit (PEIE, bit 3, register INTSTA) must be set 
to a ‘1’ and the Global Interrupt Disable bit, GLINTD, 
must be ‘0’. TMR1 must be enabled by setting bit 
TMRION (bit 0, register TCON2) to a ‘1’ and can be 
stopped any time by clearing bit TMR1ON to ‘0’. TMR1 
and PR1 are both readable and writable registers. 
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TMR2, in 8-bit mode is identical in functionality as TMR1. 
The corresponding control bits for TMR2 are TMR2C 
(bit 1, TCON1), TM2IR (Timer2 Interrupt-Request Flag, 


FIGURE 7.3.1.1 - TIMER1/TIMER2 BLOCK DIAGRAM 


Two 8 bit Timer/Counter Mode 


OSC/4 


| TMRION 

(bit 0, TCON 2) 
TMRIC 
(bit 0, TCON1) 


xX 


RB4/TCLK12 


OSC/4 : - 


TMR2ON 
(bit 1, TCON 2) 


TMR2C 
(bit 1, TCON1) 


One 16 bit Timer/Counter Mode 


RB4/TCLK12 


TMR1ON 
(bit 0, TCON 2) 
RIC 


™ 
(bit 0, TCON1) 


7.3. IMER - 


16-bit mode is selected by setting bit 16/8 (bit 3, register 
TCON1) to ‘1’. In this mode TMR1 and TMR2 concat- 
enate to form one 16-bit timer/counter (TMR2 = high 
byte). Timer mode is selected by setting TMRI1C (bitO, 
register TCON1) to ‘0’ where it increments once every 
instruction cycle (OSC/4). Counter mode is selected if 
TMRIC bit = ‘1’ and it increments on every negative 
edge on pin TCLK12. Input clock on TCLK12 must have 
a high time = (0.5Tcy + 20)ns and a low time 2 (0.5Tcy 
+ 20)ns where Tcy = 4tosc. The 16-bit timer increments 
until it matches the 16-bit value in PR1,PR2(PR2=high 
byte) and then resets back to O0000h. An interrupt is 
generated at this time which is latched into the TM1IR bit 
(bit 4, PIR). In 16-bit mode, control bit TMR1C controls 
the entire 16-bit timer and bit TMR2C is a don’t care. The 
TMR2ON bit must be always set to ‘1’ in 16 bit mode. 
TMRION bit controls the entire 16-bit timer. 


Comparator <8> 
Equal 
a 
PR2 <8> 


bit 5, PIR), TM2IE (Timer2 Interrupt Enable Flag, bit 5, 


PIE) and TMR2ON (bit 1, TCON2). In counter mode, 


TMR2 also increments on falling edge on TCLK12 pin. 


TMR1 <8> nese! 
ro | Set Interrupt TMR1IR 
Comparator <8> (bit 4, PR) 
Equal 


] 
PR1 <8> 


TMR2 <8> Reset 


] Set Interrupt TMR2IR 
(bit 5, PIR) 


TMR1 <8> TMR2 <8> Reset 
ae. | Set Interrupt TMR1IR 
Comparator <16> (bit 4, PIR) 
a 


PR1 <8> PR2 <8> 





7.3.3 EXTERNAL CLOCK INPUT FOR TIMER1, 
TIMER2 





When configured as a counter, TMR1 or TMR2 incre- 
ments on the falling edge of clock input TCLK12. How- 
ever, this input is sampled and synchronized by the 
internal phase clocks twice every instruction cycle. There- 
fore, the external clock must meet the following require- 
ments: 


TCLK12 high time = 0.5 Tcy + 20ns 
TCLK12 low time >= 0.5 Tcy + 20ns 


There is a delay from the time a falling edge appears on 
TCLK12 to the time TMR1 or TMR2 is actually 
incremented. The delay is between 2tosc and 6tosc, 
where tosc = oscillator period. See Figure 7.3.3.1 fora 
timing diagram. 
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FIGURE 7.3.1.2 - TMR1, TMR2, TMR3 TIMING IN TIMER MODE 


121| a2| asl a4; at|a2|as| a4; a1| a2|as| a4; at] a2|as| a4} an ca] aa| a4) an] cx aa 4) at| aa| aa a4) a1] a2| aa| a4; ax] a2} as| a4, a1| a2| as] a4, 21| a2| as| a4, 
t ' ' ' ' 1 \ ' ' \ ' \ 
t) t 

' 


AD <15:0> 


t ' 
j j f 
' 1 ' 
‘ ' ‘ 
' BCF \ ' 
1 TCON2, 0 t \ 
1 ' ' 
t 1 t 
’ ' ' 
i] i i) 
' \ \ 


Start TMR1 


TMRION 
(bit0, TCON2) 


WR_TMRi1 


WR_TCON2 


TMAIIR 
(bit4, PIR) 


RD_TMR1 


TMR1 ' TMR1 
reads 03h ' reads 04h | 





FIGURE 7.3.3.1 - TMR1, TMR2 AND TMR3 IN EXTERNAL CLOCK MODE 





t t i 
a1| Ga| a3] a4, a1] aa| as|a¢, at|a2] asl a4, a1|a2|a3|a4, a1] a2 aa| as, 01] a2] aa| a4; at 

t i] t t I 1 

{ { { 1 { t 


l I I I i) ! 


ALE ! ‘ ! f t I I 
Instruction ( 1 MOVWF TMR1 ,MOVFP TMR1,W, MOVFP TMR1,W, ; 


f tch d Write to TMR1 Read TMR1 Read TMR1 \ 
oe | { { 4 4 4 , 4 


TCLK12 QM ANNAN ANIA | 
] i 


t t { | 
TRI am Xan Xe XX 
l | ! ! 
| 


| 
1 
1 
t 
| 


Wr_TMA1 


Read_TMR1 


TMAIIR 
(bito, TCON2) 


Notes: TCLK12 is sampled in Q2 and Q4. J indicates a sampling point. 
The latency from TCLK12 J to timer increment is between 2 tosc and 6 tosc. 
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FIGURE 7.3.1.3 - TIMER/CAPTURE/PWM CONTROL REGISTER 1 (TCON1) 


RW RW RW 


RW RW FW RW RW 
CA2ED1 | CA2EDO | CA1ED1 | CA1EDO TMR3C | TMR2C | TMRIC Register TCON1 |R == Read only bit 
File 16h, Bank 3 | R/W = Readable and writable bit 


bit 0 Reset Value: 00h| U = Unused, reads as 0 
: Timer/Counter1 increments on internal clock (timer 
mode) 
: Timer/Counter1 increments on falling edge o 
TCLK12 pin (counter mode) 
: Timer/Counter2 increments off the internal clock 
(timer mode) 
: Timer/Counter2 increments on falling edges of the 
TCLK12 pin (counter mode) 
This bit is a don't care in 16 bit mode. 
: Timer/Counter3 increments off the internal clock 
(timer mode) 
: Timer/Counter3 increments on falling edges of the 
TCLK3 pin (counter mode) 
0: TMR1 and TMR2 are two separate 8 bit timers 
1: TMR1 and TMR2 make a 16 bit timer/counter 
Capture1 Mode Select 
00: Capture on every falling edge 
01: Capture on every rising edge 
10: Capture on every 4th rising edge 
11: Capture on every 16th rising edge 
Capture2 Mode Select 





00: Capture on every falling edge 

01: Capture on every rising edge 

10: Capture on every 4th rising edge 
11: Capture on every 16th rising edge 








© 1994 Microchip Technology Inc. Prelimina ry DS30073D-page 49 
2-651 


PIC17C42 





FIGURE 7.3.3.2 - TIMER/CAPTURE/PWM CONTROL REGISTER 2 (TCON2) 


Register TCON2 |R = = Read only bit 
File 17h, Bank 3 | R/W = Readable and writable bit 
Reset Value: 00h | U = Unused, reads as 0 


0: TMR1 is stopped 
1: TMR1 is running 





cazove | carove |pwwzon |pwaion | cav/eR3 | TMRION | TMRZON | TMAION | 
bit O 





















0: TMR2 is stopped 
1: TMR2 is running 
Must be set to '1' in 16 bit mode. 


0: TMRS is stopped 
1: TMRS is running 


0: Registers PR3H/CA1H and PR3L/CAiL a 
configured as period register for timer 3 

1: Registers PR3H/CA1H and PRSL/CAIL are 
configured as capture 1 register. Timer 3 runs 
without a period register. 


0: RB2/PWM1 pin configured as a port pin. Direction is 
determined by corresponding DDR bit. 

: RB2/PWM1i pin is configured as PWM1 output. Pin 

is forced to be an output regardless of the DDR bit. 


ah 


: RB3/PWM2 pin is configured as a port pin. Direction 
is determined by corresponding DDR bit. 

1: RB3/PWM2 pin is configured as PWM2 output. Pin 

is forced to be an output regardless of the DDR bit. 
















Capture1 overflow status bit. Set (or reset) when both 
bytes of the capture register are read and an overflow 
situation has occured (or not) 





Capture2 overflow status bit. Set (or reset) when both 
bytes of the capture register are read and an overflow 
situation has occured (or not) 


7.3.4 SUMMARY OF TIMER1, TIMER2 REGISTERS 


Register Name Function Address Reset Value 
TMR1 Timer/Counter1 Bank 2, File 10h XXXXXXXXb 
TMR2 Timer/Counter2 Bank 2, File 11h’ XXXXXXXXb 
PR1 Period Register1 Bank 2, File 14h XXXXXXXXb 
PR2 Period Register2 Bank 2, File 15h XXXXXXXXb 
TCON1 Timer Control Register1 Bank 3, File 16h 00000000b 
TCON2 Timer Control Register2 Bank 3, File 17h 00000000b 


PIR Peripheral Interrupt Register Bank 1, File 16h 00000010b 
PIE ~ Peripheral Interrupt Enable Bank 1, File 17h 00000000b 


INTSTA (bit PEIE) Interrupt Status Register File O7h 00000000b 
CPUSTA (bit GLINTD) CPU Status Register File O6h 0011xXxX00b 
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7.4 Timer/Counter 3 


TMR3 is a 16-bit timer/counter consisting of TMR3L (file 
12, Bank 2) as the low byte of the timer and TMR3H (file 
13, Bank 2) as the high byte of the timer. It has an 
associated 16-bit period register consisting of 
PR3L/CAI1L (file 16, Bank 2), the low byte, and PR3H/ 
CAH (file 17, Bank 2), the high byte. Timer is a timer 
if TMR3C = 0 (bit 2, Register TCON1) in which case it 
increments every instruction cycle (OSC/4). If TMR3C = 
1, the timer 3 acts as a counter and increments on every 
falling edge of TCLK3 pin input. In either mode, TMR3 
increments if TMR3ON = 1 (bit 2, Register TCON2) and 
stops if TMR3ON = 0. TMR3 has two modes of opera- 
tion: depending on bit CA1/PR3 (bit 3, Register TCON2) 
the period register can be configured as a period or a 
capture register (Refer to Section 8.0 for details on 
capture operation). 


riod register m PR3 = 0: In this mode regis- 
ters PR3H/CA1H and PR3L/CA1L constitute a 16-bit 
period register. The timer increments until it equals the 
period register and then resets to 0000h. Timers inter- 
rupt (TM3IR, bit 6, Register PIR) request flag is set at this 
point. This interrupt can be disabled by setting timer3 
mask bit (TMSIE, bit 6, Register PIE) to ‘0’. TM3IR must 
be cleared in software. 


Capture register mode, CA1/PR3 = 1: In this mode the 
PR3H/CA1H and PR3L/CAIL constitute a 16-bit cap- 
ture register. The timer operates without a period regis- 
ter and increments from 0000h to FFFFh and rolls over 
to OOOOh. A timer3 interrupt (TM3IR, bit 6, Register PIR) 
is generated on overflow. The TMGIR interrupt flag must 
be cleared in software. 


7.4.3. SUMMARY OF TIMERS REGISTERS 


Register Name Function 
TMRSL 
TMR3H 
CA2L 
CA2H 
PR3L/CA1L 


Capture2 low byte 
Capture2 high byte 


Timer/Counter3 low byte 
Timer/Counter3 high byte 


Period Register3 low/capture 1 low 


7.4.1_EXTERNAL CLOCK INPUT FOR TIMERS 


Timer3 increments on the falling edges of the clock input 
on TCLK3 pin. However, this input is sampled and 
synchronized by the internal phases, twice every in- 
struction cycle. Therefore, the external clock input must 
meet the following requirements: 


TCLK3 high time 2 0.5Tcy + 20 ns 
TCLK3 low time 2 0.5Tcy + 20 ns 


There is a delay from the time an edge occurs on TCLK3 
to the time the timer3 is actually incremented. This delay 
is between 2 tosc and 6tosc, where tosc = oscillator 
period. See Figure 7.3.3.1 for a timing diagram. 


7.4.2 READIN RITING TIM 


Since timer3 is a 16-bit timer and only 8-bits at a time can 
be read or written, the user should be careful about 
reading and writing when the timer is running. The safe 
and easy thing to dois to stop the timer, perform any read 
or write operation, and then restart timer3 (using the 
TMRSON bit). If, however, it is necessary to keep timer3 
free-running then certain suggested methods must be 
followed for reading and writing the timer. See Section 
7.2.3 for details. 


Address 
Bank 2, File 12h 
Bank 2, File 13h 
Bank 3, File 14h 
Bank 3, File 15h 
Bank 2, File 16h 


Reset Value 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 





PR3H/CA1H 
TCON1 
TCON2 


Bank 2, File 17h 
Bank 3, File 16h 
Bank 3, File 17h 


Period Register3 high/capture 1 high 
Timer Control Register1 
Timer Control Register2 


XXXXXXXXb 
00000000b 
00000000b 


PIR Peripheral Interrupt Register 
PIE Peripheral Interrupt Enable 


Bank 1, File 16h 
Bank 1, File 17h 


00000010b-. 
00000000b 


00000000b 
0011xXx00b 


INTSTA (bit PEIE) 
CPUSTA (bit GLINTD) 


File O7h 
File O6h 


Interrupt Status Register 
CPU Status Register 








© 1994 Microchip Technology Inc. DS30073D-page 51 


Preliminary 
2-653 


PIC17C42 





FIGURE 7.4.1.1 - TIMER3/CAPTURE MODULE BLOCK DIAGRAM 


Timer + Period Reg + One Capture Mode (CA1/PR3 = 0) 
- -TMR3C- 


(bit 2, TCON1) PR3H/CA1H | PR3/CAIL | 
: | aa (TMSIR, bit 6, PIR) 
a | Comparator <16> 
OSCc/4 : 
7 ener. | 
Ds oll, oh = TMR3H<8> |. TMR3L<8> 


~ Reset 


Timer 3 Interrupt 


RBS5/TCLK3 _- TMR3ON 
(bit 2, TCON 2) 


De Edge Select . 5 
a Prescaler Select 7 CA2H CA2L 
2 


RB1/CAP2 Capture 2 Interrupt 


(CA2IR, bit 3, PIR) 


CA2ED1, CA2EDO © 
(bits 7, 6. TCON1) 


Timer + Two Capture Mode (CA1/PR3 = 1) 


CA1ED1, CA1EDO 


(bits 5, 4, TCON1) Capture 1 Interrupt 
(CA1IR, bit 2, PIR) 


2 
Edge Select 
x Sac alee Solent PR3H/CA1H | PR3L/CAIL 
| 


RBO/CAP 1 
Capture ax 


enable 
OSC/4 Timer 3 Interrupt 
TM3IR, bit 6, PIR 
i * TMR3H<8> TMR3L<8> SO ca thn 
yx 
RBS/TCLK3 TMR3ON 

pias (bit 2, TCON 2) 

(bit2, TCON 1) — \ / 


Capture 
enable 


CnaL 

Capture 2 Interrupt 

x ae 
Prescaler Select 
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CA2ED1, CA2EDO 
(bits 7, 6, TCON1) 
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8.0 CAPTURE MODULE 


The PIC17C42 has two 16-bit capture registers that 
capture the 16-bit value of timer/counter3 (TMR3) when 
events are detected on capture pins. There are two 
capture pins (RBO/CAP1 and RB1/CAP2), one for each 
capture register. The capture pins are multiplexed with 
PORTB pins. An event can be a rising edge, a falling 
edge, 4 rising edges or 16 rising edges on the pin. Each 
capture register has an interrupt request flag associ- 
ated with it which is set when a capture is made. The 
capture module is truly part of the timer/counter3/ 
capture block. Refer to Figure 7.4.1.1 for a block 
diagram. The capture module can operate in one of two 
modes described below. 


8.1 One Capture + Timer/Counter3 + Period 
Register Mode 


This mode is selected if control bit CA1/PR3 = 0 (bit 3, 
register TCON2). In this mode, the capture1 register, 
consisting of high byte (PR3H/CA1H, File 17, Bank 2) 
and low byte (PR3L/CA1L, File 16, Bank 2), is config- 
ured as the period control register for TMR3. Capture1 
is disabled in this mode, and the corresponding interrupt 
bit CA1IR (bit 2, PIR) is never set. Timer/counter3 
increments until it equals the value in the period register 
and then resets to O000h. See Section 8.4 for details of 
TMR3 operation in this mode. 


Capture2 is active in this mode. Control bits CA2ED1 
and CA2ED0 (bits 7 and 6, Register TCON1) determine 
the event on which capture will occur. CA2ED1, CA2ED0O 
= 00 enables capture on every falling edge, 01 = capture 
on every rising edge, 10 = capture every 4th rising edge 
and 11 =capture every 16th rising edge. When acapture 
takes place, an interrupt is latched into CA2IR (capture 
2 interrupt flag, bit 3, PIR). This interrupt can be enabled 
by setting the corresponding mask bit CA2IE (bit 3, PIE). 
Also, peripheral interrupt enable bit PEIE (bit 3, INSTA) 
must be set and the Global Interrupt Disable bit (GLINTD, 
bit 4, CPUSTA), should be cleared for the interrupt to be 
acknowledged. The CA2IR interrupt flag needs to be 
cleared in software. 


When the capture prescale select is changed, the pres- 
caler is not reset. Therefore, the first capture after such 
a change will be ambiguous. It, however, sets the basis 
for the next capture. The prescaler is reset upon chip 
reset. 


The capture pin RB1/CAP2 is a multiplexed pin. When 
used as a port pin, capture2 is not disabled. However, 
the user can simply disable the capture2 interrupt by 
clearing CA2IE. If RB1/CAP2 is used as an output pin, 
some interesting possibilities arise. The user can acti- 
vate a capture by writing to the port pin which may be 
useful during development phase to emulate a capture 
interrupt. 


The input on capture pin, RB1/CAP2, is synchronized 
internally to internal phase clocks. This imposes certain 
restrictions on the input waveform. The minimum high 
time (TcrH) and the minimum low time (TcpL) on the 
capture input needs to be greater or equal to 10ns. The 
period (Tcar) must be >2Tcy/N where N = prescale 
value (1, 4, 16) and where Tcy = one instruction cycle 
time ( = 4tosc). 


Capture2 Overflow 


The overflow status flag bit is double buffered. The 
master bit is set if one captured word is already residing 
in the capture2 register and another ‘event’ has occurred 
on RB1/CA2 pin. The new event will not transfer the 
timer3 value to the capture register, protecting the 
previous unread capture value. When the user reads 
both the high and the low bytes (in any order) of the 
capture2 register, the master overflow bit is transferred 
to the slave overflow bit (CA2ZOVF, bit 7, TCON2) and 


‘then the master bit is reset. The user can then read 


TCON2 to determine the value of CA2OVF. 


The recommended sequence to read capture registers 
and overflow is as follows: 
MOVLB 3 3 Select Bank 3 
MOVPF CA2L, LO_BYTE 3 Read capture2 low byte, 
7 store in LO BYTE 
MOVPF CA2H, HI_BYTE 7 Read capture2 high byte, 
3 store in HI_ BYTE 
MOVPF TCON2, STAT_VAL ; Read TCON2 into file 
3 STAT_VAL 


8.2 Two Capture + Timer/Counter3 Mode 


This mode is selected by setting CA1/PR3 (bit 3, register 
TCON2). In this mode, the timer (TMR3) runs without a 
period register and increments from O000h to FFFFh 
and rolls over to O000h. For details on TMR3 operation, 
see Section 8.4. Registers PR3H/CA1H (file 17h, Bank 
2) and PR2L/CAIL (file 16h, Bank 2) make a 16-bit 
capture register (Capture1). It captures events on pin 
RBO/CAP1. Capture mode is set by control bits CA1ED1 
and CA1EDO0 (bit 5 and 4, Register TCON1). A capture1 
interrupt is latched into the CA1IR (bit 2, PIR). The 
corresponding interrupt mask bit is CA1IE (bit 2, PIE). 
The capture1 overflow status bit is CAITOVF (bit 6, 
TCON2). Otherwise, capture1 operates identically to 
capture2. Capture2 operation is same as in the previous 
mode. 
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8.3 Summary of Capture Registers 


~ Register Name Function , Address _—_—és=~Reset Value 


PR3L/CAI1L Period Register 3 low/capture 1 low _—_— Bank 2, File 16h XXXXXXXXb 
PR3H/CA1H Period Register 3 high/capture 1 low Bank 2, File 17h XXXXXXXXb 
CA2L Capture2 register low Bank 3, File 14h XXXXXXXXb 
CA2H Capture2 register high Bank 3, File 15h XXXXXXXXb 
TMRSL Timer/Counter 3 low Bank 2, File 12h XXXXXXXXb 
TMR3H Timer/Counter 3 high Bank 2, File 13h XXXXXXXXb 


TCON1 _ Timer Control Register 1 _ Bank 3, File 16h 00000000b 
TCON2 Timer Control Register 2 Bank 3, File 17h © ~—  90000000b 


PIR Peripheral Interrupt Register Bank 1, File 16h 00000010b 
PIE Peripheral Interrupt Enable Bank 1, File17h 00000000b 


INTSTA (bit PEIE) interrupt Status Register File 07h 00000000b 
CPUSTA (bit GLINTD) CPU Status Register FileO6h 0011xXxX00b 
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9.0 PULSE WIDTH MODULATION 
(PWM) OUTPUTS 


The PIC17C42 provides two high speed pulse-width 
modulation outputs on pins RB2/PWM1 and RB3/PWWN2. 
Each PWM output has a maximum resolution of 10-bits. 
At 10 bit resolution, the PWM output frequency is 24.4 
KHz (@ 25 MHz clock) and at 8-bit resolution the PWM 
output frequency is 97.7 KHz. 


The user needs to set the PWM1ON control bit (bit 4, 
register TCON2) to enable the PWM1 output. Once the 
PWMI10ON bit = ‘1’, the RB2/PWM1 pin is configured as 
PWM1 output and forced as an output irrespective of the 
data direction bit. If PWM1ON =‘0’, then the pin behaves 
as a port pin and its direction is controlled by its data 
direction bit (bit2, DDRB). Similarly, the PWM2ON bit 
controls the configuration of the RB3/PWN2 pin. 


The period of the PWM1 output is determined by timer1 
(TMR1) and its period register (PR1). The period of the 
PWM2 output is determined by timer1 if control bit 
TM2PW2 = ‘0’ (bit 5, register PW2DCL) or by timer if 
TM2PW2 = ‘1’. 


Thus the PWM periods are: 
tpwmip = period of PWM1= [(PR1) + 1] x 4 tosc 
tpwm2p = period of PWM2 = [(PR1) + 1] x 4 tosc 
or [(PR2) + 1] x 4 tosc 


The duty cycle of PWM1 is determined by the 10 bit value 
DC1<9:0>. The upper 8 bits are from register PW1DCH 
(file 12, Bank 3) and the lower 2 bits are in register 
PW1DCL<1:0> (file 10, Bank 3). The PWM1 high time is 
as follows: 


tpwm1H = PWM1 high time = (DC1) x tosc 


where DC1 represents the 10 bit value from PW1DCH, 
PW1DCL concatenated. 


If DC1 = 0, then the duty cycle is zero. If tewm1H is equal 
to or higher than tewmie then the duty cycle is 100%. 


Similarly, PWM2 high time, tpewm2zH = (DC2) x tosc. 


The duty cycle registers for both PWM outputs are 
double buffered. When the user writes to these registers 
they are stored in master latches. When TMR1 (or 
TMR2) overflows, and a new PWM period begins the 
master latch values are transferred to the slave latches. 


Using external clock for PWM will also cause jitter in the 
‘duty cycle’ as well as the ‘period’ of the PWM output. 
This is because external TCLK12 input is synchronized 
internally (sampled once per instruction cycle). There- 
fore, from the time TCLK12 changes to the time timer 
increments will vary by as much as Tcy (one instruction 
cycle). Therefore, both the high time and the period of 
the PWM output will have a jitter of t+Tcy, unless the 
external clock is in sync with the processor clock. The 
latter is the case when TCLK12 input itself is generated 
by the PIC17C42 (e.g. one PWM output is feedback as 
TCLK12). 


In general therefore, when using external clock refer- 
ence for PWM, its frequency should be much smaller 
compared to fosc. 


PWM interrupts: The PWM module makes use of timer1 
or timer2 interrupts. A timer interrupt is generated when 
TMA1 or TMR2 equals its period register and is reset to 
zero. This interrupt also marks the beginning of a PWM 
cycle. The user can write new duty cycle values before 
the next interrupt. The timer1 interrupt is latched into the 
TM1IR bit (bit4, PIR) and the timer2 interrupt is latched 
into the TM2IR bit (bit 5, PIR). These flags need to be 
cleared in software. 


Using External clock: Timer1 or timer2, when used as 
the PWM time base, may be run off external clock only 
if the PWM output is being generated with 8-bit resolu- 
tion or less. In this case, the PW1DCL and the PW2DCL 
registers must be kept at ‘0’. Any other value will distort 
the PWM output. Internal clock can be used for all 
resolutions. The user should also note that the maxi- 
mum attainable frequency is lower. Since the maximum 
possible external clock input frequency for a timer is 
1/(Tc + 40)ns, (see AC specs) the PWM frequency at 
8-bit resolution can be, at most, 19.53 KHz (@ 25 MHz 
osc clock). 


Timer selection for PWM2: While PWM1 always runs 
basedon TMR1, PWM2canrun offtimer1 (if bit TM2PW2 
= 0, bit5, Register PW2DCL) or timer2 (if TM2PW2 = 1). 
Running two different PWM outputs on two different 
timers allow different PWM period. 


Running both PWMs off timer1 allows the best utilization 
of resources. If frees timer2 to operate as an 8-bit timer/ 
counter. Timer1 and timer2 can not be used as a 16-bit 
timer if either PWM is being used. 
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Figure 9.0.1 shows a simplified block diagram of the 
PWM module. The duty cycle register is double buffered 
for a glitch free operation. Figure 10.0.2 shows how a 
glitch could occur if ad cycle registers are not double 
buffered. 


i n du le_regi For PW1DCH, 
PW1DCL, PW2DCH and PW2DCL registers, a write 
operation writes to the "master latches" while a read 
operation reads the "slave latches". As a result, the user 
may not read back what was just written to the duty cycle 
registers. 


The user should also avoid any “read-modify-write" 
operations on these registers, such as: ADDWF 
PW1DCH, may not work as intended. 


Function 
Timer/Counter 1 
Timer/Counter 2 
Period Register 1 
Period Register 2 
TCON1 
TCON2 
PW1DCL 
PW1DCH 
PW2DCL 
PW2DCH 


INTSTA (bit PEIE) 


CPUSTA (bit GLINTD) CPU Status Register 


FIGURE 9.0.2 - PWM OUTPUT 


A 


Timer 
interrupt 


Write new 
PWM value 


Notes: 


FIGURE 90.1 - SIMPLIFIED PWM BLOCK 


DIAGRAM — 


Duty cycle registers 


Com 


Notes: 1. 8-bit timer is concatenated with 2-bit internal Q clock time 


Reset 


og timer 


a 


to create 10-bit time base. 


2. Timert is used in this example. 


Timer/Capture/PWM Control Register 1 
Timer/Capture/PWM Control Register 2 
PWM1 duty cycle, lower 2 bits 
PWM1 duty cycle, upper 8 bits 
PWM2 duty cycle, lower 2 bits 
PWW2 duty cycle, upper 8 bits 


PIR , | Peripheral Interrupt Register 
PIE Peripheral Interrupt Enable 


Interrupt Status Register 


Timer interrupt 
new PWM value . 
transferred to slave 


Address 
Bank 2, File 10h 
Bank 2, File 11h 
Bank 2, File 14h 
Bank 2, File 15h 
Bank 3, File 16h 
Bank 3, File 17h 
Bank 3, File 10h 
Bank 3, File 12h 
Bank 3, File 11h 
Bank 3, File 13h 


Bank 1, File 16h 
Bank 1, File 17h 


File O7h 
File O6h 





Reset Value 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
00000000b 
00000000b 
XX000000b 
XXXXXXXXb 
XX000000b 
XXXXXXXXb 


00000010b 
00000000b 


00000000b 
0011xXx00b 





1. The dotted line shows PWM output if duty cycle registers are not double buffered. If the new 


duty cycle value is written after the timer has passed that value, then the PWM does not 
reset at all during the current cycle causing a “glitch". 


2. In this example, PWM period = 50. Old duty cycle value is 30. New duty cycle value is 10. 
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Any unused op-code is executed as a NOP. 


10.0 INSTRUCTION SET 


The PIC17C42 instruction set consists of 55 instruc- he Instruction sents nighly orogens) and ls igreuped 


tions, each single word and 16-bit wide. Most instruc- mo . 

tions operate on a file register f and the working register e Data Move Operations 

WwW (accumulator). Depending on the instruction, the ° Arithmetic and Logical Operations 
result may be directed to the file register, or the working 

register (W) or to both. e Bit Manipulation Operations 


All instructions are executed in a single instruction cycle ¢ Program Control Operations 


unless otherwise noted. ¢ — Special Control Operations 


Data Move Instructions 
Instruction Code 





Status bits 


Hex 


Binary 


mnemonic 


MOVFP 
MOVLB 
MOVPF 
MOVWF 
TABLRD 


Description 
Move f to p 
Move literal to BSR 
Move p to f 
Move W to f 
Read data from table latch 


Function Affected 


f—p 
k — BSR 
pf 
W- f 


Notes 


t.i,f 
into file f, then update table 
latch with 16-bit contents of 
memory location addressed 
by the table pointer. 

Write data from file f to table 
latch and then Write 16-bit 


TBLATH = f if t =1, 

TBLATL > f if t =0; 

Prog Mem (TBLPTR) —> TBLAT; 
TBLPTR + 1 —> TBLPTR if i =1; 


f > TBLATH if t =1, 
f TBLATL if t =0; 


table latch to program memory TBLAT -— Prog Mem (TBLPTR); 


location addressed by table 
pointer. It also intitiates 


TBLPTR + 1 — TBLPTR if i =1 


programming if on-chip EPROM 
program memory is addressed. 


Read data from table latch 


TBLATH > f if t =1, 


into file f (table latch unchanged). TBLATL > f if t =0 


Write data from file f into 
table latch. 


Arithmetic and Logical Instructions 
Instruction Code 
Binary Hex mnemonic 

ADDLW 
ADDWF 
ADDWFC 
ANDLW 
ANDWF 
CLAF 
COMF 
DAW 
DECF 
INCF 
lORLW 
lORWF 
MOVLW 
NEGW 
RLCF 
RLNCF 
RRCF 
RRNCF 
SETF 
SUBLW 
SUBWF 
SUBWFB 
SWAPF 
XORLW 
XORWF 


Description 
Add literal to W 
ADD W to f 
ADD W and Carry to f 
AND literal and W 
AND W with f 
Clear f and Clear d 
Complement f 
Dec. adjust W, store in f,d 
Decrement f 
Increment f 
Inclusive OR literal with W 
Inclusive OR W with f 
Move literal to W 
Negate W, store in f and d 
Rotate left through Carry 
Rotate left (no Carry ) 
Rotate right through Carry 
Rotate right ( no Carry ) 
Set f and Set d 
Subtract W from literal 
Subtract W from f 


Swap f 
Exclusive OR literal with W 
Exclusive OR W with f 





Subtract W from f with borrow 


f + TBLATH if t =1, 
f -TBLATL if t =0 


Status bits 
Affected 


OvCDCZ 


Function 
(W+k) ~W 
(W+f) —->d OVC DCZ 
(W+f+C) > d OovcDdDCcZ 
(W.AND.k) > W Zz 
(W.AND.f) > d Zz 
“OOh” > f, “OOh” > d None 
fod Z 
W adjusted — f and d Cc 
(f-1)—> d OVC DCZ 
(f+1) 3d OVC DCZ 
(W.OR.k) — W Zz 
(W.OR.f) — d Zz 
k>W = None 
(W+1) — f, (W+1) > d OovcDdDCZ 
f<n>d<n+1>, f<7>-9C, C-d<0> Cc 
f<n>— d<n+1>, f<7>— d<0> None 
f<n>—d<n-1>, f<0>-»C, Co-d<7> Cc 
f<n>— d<n-1>, f<0>— d<7> None 
“FFh” +f, “FFh"~d None 
(kW) -—W OovcDdDczZ 
(f-W) ~d OVC DCZ 
(f-W-c)—> d OovcdDCZ 
f<0:3> + d<4:7>, f<4:7>- d <0:3> None 
(W.XOR.k) — W Zz 
(W.XOR.f) > d eo 








© 1994 Microchip Technology Inc. 
2-659 


Preliminary 


DS30073D-page 57 


PIC17C42 





Program Control Instructions 
Instruction Code 

Binary 

111k kkkk kkkk kkkk Ekkk 


Status bits 
Affected 
None 


mnemonic 
CALL 


Description 


Subroutine call 
(within 8K page boundary) 


Function 


PC+1 > TOS, k — PC<12:0>; 
k<12:8> — £3<4:0>, 
PC<15:13> — {8<7:5> 

f-W, skip if f=W 

f-W, skip if f>W 

f-W, skip if f<W 

(f-1) — d, skip if result =O 

(f-1) — d, skip if notO — 

k + PC<12:0>, k<12:8> — f3<4:0>, 
PC<15:13> — 3 <7:5> 

(f+1) — d, skip if result 0 

(f+1) — d, skip if not 0 

(PC+1) — TOS; 

(f3) + PCH; k — PCL 

TOS — PC (f3 unchanged) 
"0" > GLINTD 

k > W, TOS -» PC, 

f3 unchanged 

TOS-> PC (f3 unchanged) 
skip if f=0 


CPFSEQ 
CPFSGT 
CPFSLT 
DECFSZ 
DCFSNZ 
GOTO 


Compare f/W skip if f=W 
Compare f/W skip if f>W 
Compare f/W skip if f<W 
Decrement f, skip if 0 
Decrement f skip if not 0 
Unconditional branch 
(within 8K page boundary) 
Increment f skip if 0 
Increment f skip if not 0 
Long Call 

(anywhere in 64K range) 
Return from interrupt 
and enable interrupt 
Retum literal to W 


None 
None 
None 
None 
None 
None 


INCFSZ 
INFSNZ 
LCALL 


None 
None 
None 
RETFIE GLINTD 
RETLW None 


None 
None 


Retum from subroutine 
Test f skip if 0 





Bit Handlin 
Instruction Code 
Binary Hex 
1000 1bbb FfLfE FLEE 
1000 Obbb ffFff £FFF 


instructions 


Status bits 
Function 
0 > f(b) 
1 — f(b) 
skip if f(b) =0 
skip if f(b) = 1 
f(b) —> f(b) 


mnemonic Description 

Bit clear f 

Bit set f 

Bit test, skip if clear 
Bit test, skip if set 
Bit Toggle f 


1001 1bbb ff£ff ffFEE 
1001 Obbb ffff ffff 
0011 ibbb ffff ffff 





Special control instructions 








Instruction Code Status bits 
Bina Hex mnemonic Description Function 
0000 0000 0000 0100 0004 CLRWDT Clear Watchdog Timer 0 — WOT, 0 — WDT prescaler, 
1—+PD,1—TO 
0000 0000 0000 0000 0000 #NOP No operation None 
0000 0000 0000 0011 0003 SLEEP Enter “sleep” mode Stop oscillator,"power down” 
0 — WOT, 0 — WOT prescaler, 
1—TO,1—PD 
Legend: Notes: 
f register file address ( 00h to FFh ) 1) | 2’s Complement method. 
p peripheral register file address (00h to 1Fh) . ea coyellioen PER ea eee maT | 
b ; ere =1, only the file is a ; If d=0, both W and the file are 
peroneal elon teeters affected; If only W is required to be affected, then f=0Ah (File OAh) 
i table pointer control i = 0: do not change must be defined. 
i = 1: increment after instruction execution 4) The HEX representation is not accurate. The value of the bit to be 
t table byte select t= 0: perform operation on lower byte ‘modified has to be incorporated into the third digit. 
t = 1: perform operation on upper byte 5)  DutinganLCALL, the contents of file 03h are loaded into the MSB 
kK literal field (constant data) of the PC and kkkk kkkk is loaded into file 02h the LSB of the PC. 
x don'tcare 6) Multiple cycle instruction for EPROM programming when table 
d destination select; d=0 store result in W (f0A) _ pointer selects internal EPROM. The instruction is terminated by 
oe rein etegeete: Raa : external program memory, it is a two cycle 
C,DC,Z,OV ALU status bits Carry, Digit Carry, Zero, Overflow ieteactions: 9 prog a y 
TO, PD CPU status bits Time-out and Power-down 7) Two cycle instructions when condition is true, else single cycle 
GLINTD GLobal Interrupt Disable bit (bit 4, CPUSTA) instruction. 
Ww _ W-register 8)  Twocycle instruction except tor TABLRD to {02h (Program Counter 
PC Bice ie ‘low byte) in which case it takes 3 cycles. 
rearemn — et ; 9) A'‘skip’ means that instruction fetched during execution of current 
TBLPTR Table Pointer (16 bit) instruction is not executed. Instead a ‘NOP’ is executed. 
TBLAT Table Latch (16 bit) consists of high byte 10) Any instruction that writes to PCL (f02) is a two cycle instruction, 
(TBLATH) and low byte (TBLATL) execpt for TABLRD to f02 is a 3 cycle instruction. 
TBLATL Table latch low byte 
TBLATH Table latch high byte 
WDT — Watchdog timer 
BSR . Bank Select Register 
TOS Top of Stack 
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FIGURE 10.0.1 - INSTRUCTION DECODE MAP 


OPCODE <11:8> —_B- 
oe ee 


RANCF 
Gres eee 


A 
s 
6 
Vv 
mH 
Qa 
O 
oO 
a 
Oo 


0000: NOP 

0001: unused 
0002: RETURN 
0003: SLEEP 
0004: CLRWDT 
0005: RETFIE 
0006: OOFF unused 


unused opcode (execute as NOP) 


10.1 ial Function Register 
Destination 


PIC 17C42’s orthogonal instruction set allows read and 
write of all file registers, including special function regis- 
ters such as PC and status registers. There are some 
special situations the user should be aware of: 


ALUSTA as destination (file 04h): If an instruction writes 
to ALUSTA, the Z, C, DC and OV bits may be set or reset 
as a result of the instruction and overwrite the original 
data bits written. For example, executing CLRF 04 will 
clear register 04, and then set Z bit leaving 00000100b 
first in the register. 





PCL rce or ination (file O2h): Read, write or 
read-modify-write on PCL (f02) have the following re- 
sults: 


Read PCL (f02): 
Write PCL (f02): 


PCH — PCLATH; PCL —- d 


PCLATH — PCH; 
8 bit destination value > PCL 


Read-Modify-Write: PCL — ALU operand 
PCLATH — PCH; 
8 bit result PCL 


Where PCH = program counter high byte (nota addres- 
sable register), PCLATH = Program counter high hold- 
ing latch (file f03), d = destination, W or f. 

Bit Manipulation 

All bit manipulation instructions are done by first reading 
the entire register, operating on the selected bit and 
writing the result back (read-modify-write). The user 
should keep this in mind when operating on special 
function registers, such as ports. 
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10.2 Instruction Description 


ADDLW Add literal to W 
Syntax: ADDLW_ k 
Words: 1 

Cycles: 1 


Operation: (W+k)—>W-. 
Status bits: OV, C, DC, Z 


Description: The contents of the W register are added 
to the 8-bit literal “k” and the result is 
placed in the W register. 


ADDWE ADD W to f 
Syntax: ADDWF fd 
Words: 1 
Cycles: 1 


Operation: (W+f)—-~d 
Status bits: OV, C, DC, Z 


Description: Add the contents of the W register to data 
memory location “f’. If “d” is 0 the result 
is stored in the W register. If “d” is 1 the 
result is stored in data memory location 





“f". 
ADDWFC __ ADD W and Carry tof 
Syntax: ADDWFC _ fd 
Encoding: FEE 
Words: 1 | 
Cycles: 1 


Operation: (W+f+C) ->~d 

Status bits: OV, C, DC, Z 

Description: Add the W register and the Carry Flag to 
data memory location “f’. If “d” is 0 the 


result is placed in the W register. If “d” is 
1 the result is placed in data memory 


location “?’. 
ANDLW____AND literal and W 
Syntax: ANDLW k 
Words: 1 
Cycles: 1 


Operation: (W.AND. k) + W 
Status bits: Z 


Description: The contents of W register are AND’ed 
with the 8-bit literal “k”. The result is 
placed in the W register. 


ANDWE AND W with f 
Syntax: ANDWF fd » 
Words: 1 
Cycles: 1 


Operation: (W.AND. f) ~d 


Status bits: Z. 


Description: AND the W register with data memory 
location “f’. If “d” is O the result is stored 
in the W register. If “d’ is 1 the result is 
stored in data memory location “f’. 


BCF Bit Clear f 
Syntax: BCF f,b 
Words: 1 

Cycles: 1 


Operation: 0 -> f(b) 
Status bits: None 
Description: Bit“b” in data memory location ‘f’ is reset 


to 0. 
BSF Bit Set f 
Syntax: BSF f,b 
Words: 1 
Cycles: 1 


Operation: 1 -> f(b) 

Status bits: None | 

Description: Bit “b” in data memory location ‘f’ is set to 
1. a 


BTFSC Bit test, skip if clear 





Syntax: BIFSC _ f,b | 
Words: 1 
Cycles: 1(2) 


Operation: _ skip if f(b) =0 
Status bits: None — | 


Description: _ If bit “b” in data memory location “f” is “O” 
then the next instruction is skipped. 


If bit “b” is “0”, the next instruction, 
fetched during the current instruction ex- 
ecution, is discarded and a NOP is ex- 
ecuted instead making this a two-cycle 
instruction. 
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BTFSS Bit test, skip if set CLRE Clear f and Ciear d 

Syntax: BTFSS _ f,b Syntax: CLRF fd 

Encoding: Encoding: 100d | f££E | f£EE 

Words: 1 Words: 1 

Cycles: 1 (2) Cycles: 1 

Operation: _ skip if f(b) = 1 Operation: O0O0h-—f, 00h +d 

Status bits: None Status bits: None 

Description: _ If bit “b” in data memory location “f’ is “1” Description: The contents of datamemory location “‘f 
then the next instruction is skipped. are set to 0. If “d” is Othe contents of both 
Ifbit"b" is "0", the next instruction, fetched data reitegt) aerial ate dd he 
during the current instruction execution, sh ee ee vith eh srt 
is discarded and a NOP is executed in- Sa OMe ye Ainale Seo: 
stead making this a two-cycle instruction. CLRWDT Clear Watchdog Timer 

BTG Bit Toggle f Syntax: CLRWDT 

Words: 1 Cycles: 1 

Cycles: 1 Operation: 00n -WDT, 0 —- WOT prescaler, 

Operation: f(b) — f(b) Status bits: 1—3TO,1—23PD 

Status bits: None Description: CLRWDT instruction resets the watch- 

tating. Rit Mh” i , , dog timer.It also resets the prescaler of 
: | shed dle 

Description Bit b” in data memory location “f’ is the WOT. Status bits TO and PD are set. 
inverted. 

CALL Subroutine Call COMF___Complement f 

Syntax: CALL k Syntax: COMF fd 

Words: 1 Words: : 

Cycles: 2 Cycles: : 

Operation: PC +1-> TOS, k > PC<12:0>, Operation: fd 
k<12:8> — PCLATH<4:0>; Status bits: Z 
PC<15:13> -PCLATH<7:5> Description: The contents of data memory location “f” 

Status bits: None are complemented.If “d” is 0 the result is 

Description: Subroutine call within 8K page. First, re- scars yea : = ee esiored 
turn address (PC + 1) is pushed into the eee SMO no anes ne 
stack. The thirteen bit value is loaded into 
PC bits <12:0>. Then the upper-eight bits 
of the PC are copied into PCLATH (f03). 
CALL is a two-cycle instruction. 
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CPFSEQ__Compare f with W, skip if f = W DAW Decimal Adjust W Register 
Syntax: CPFSEQ f Syntax: DAW f,d 
Words: 1 Words: 1 
Cycles: 1 (2) Cycles: 1 
Operation: f-W, skip iff=W Operation: __ if [W<3:0> >9] .OR. [DC = 1] 
tee then W<3:0> +6 — f<3:0>, d<3:0>; 
Sees. one if [W<7:4> >9] .OR. [C = 1] then 
Description: If the contents of data memory location “f”’ W<7:4> + 6 — [<7:4>, d<7:4>; 
are equal to the contents of the W regis- Status bits: C | 
ter, the next instruction is skipped. alee Dn: 
If f = W then the next instruction, fetched Description: si oe hie . vi she a 
during the current instruction execution, pA cal cee rom a e cal = a ; are 
is discarded and a NOP is executed in- jonni and: sen as secre z 
stead making this a two-cycle instruction. BCD result. If “d” is 0 the result is placed 
CPFSGT__ Compare f with W, skip if f>W in the W register and data memory loca- 
tion “f’. If “d” is 1 the result is placed only 
Syntax: CPFSGT f in data memory location “f’. 
Encoding: The Decimal Adjust Algorithm is as fol- 
Words: 1 lows: 
Cycles: 1 (2) Step 1: Ifthelower nibble of W is greater 
a . than nine, or if the DC flag (Digit 
Operation: _f-W, skip iff > W (unsigned comparison) Carry) is set from previous op- 
Status bits: None erations, then O6h is added to 
Description: If the contents of data memory location “f” es 
are greater than the contents of the W Step 2: If upper nibble is greater than 
register, the next instruction, is skipped. nine, or if C flag (Carry) is set 
The subtraction is unsigned. following Step 1 operation, 60h 
If f > W then the next instruction, fetched is added to W. 
during the current instruction execution, The Carry flag may be set as a 
is discarded. A NOP is executed instead result of Step 1 or Step 2 opera- 
making this a two-cycle instruction. tion. 
CPFSLT__ Compare f with W, skip if f< W DECF Decrement f 
Syntax: CPFSLT f Syntax: DECF f,d 
Words: i Words: 1 
Cycles: 1 (2) Cycles: 1 
Operation: _f - W, skip if f < W (unsigned) Operation: (f-1)d 
Status bits: None Status bits: OV, C, DC, Z 
Description: If the contents of data memory location ‘“f’ Description: Decrement data memory location “f’. If 
are less than the contents of the W regis- “d” is O the result is stored in the W 
ter, the next instruction is skipped. The register. If “d” is 1 the result is stored in 
subtraction is unsigned. data memory location “?’. 
if f< W then the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-cycle instruction. 
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DECFSZ Decrement f, skip if 0 
Syntax: DECFSZ f,d 


Words: 1 
Cycles: 1 (2) 


Operation: (f- 1) d; skip if result =0 
Status bits: | None 


Description: The contents of data memory location “? 
are decremented. If “d” is 0 the result is 
placed in the W register. If “d” is 1 the 
result is placed in data memory location 
“f’. If the result is 0 the next instruction is 
skipped. 


if the result is O, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 


DCFSNZ___ Decrement f, skip if not 0 
Syntax: DCFSNZ f,d 


Words: 1 
Cycles: 1 (2) 


Operation: _(f-1) > d, skip if not O 
Status bits: None 


Description: The contents of data memory location “f’ 
are decremented. If “d” is 0 the result is 
placed in the W register. If “d” is 1 the 
result is placed in data memory location 
Te: 


If the result is not 0, the next instruction, 
fetched during the current instruction ex- 
ecution is discarded. A NOP is executed 
instead making this a two-cycle instruc- 


tion. 
GOTO Unconditional Branch 
Syntax: GOTO k 
Words: 1 
Cycles: 2 


Operation: k — PC<12:0>; k<12:8> — [3<4:0>, 
PC<15:13> — [3<7:5> 


Status bits: None 
Description: GOTO allows an unconditional branch 


anywhere within an 8K page boundary. — 


The thirteen bit immediate value is loaded 
into PC bits <12:0>. Then the upper eight 
bits of PC are loaded into PCLATH (file 3). 
GOTO is always a two-cycle instruction. 


INCF Increment f 
Syntax: INCF f,d 
Words: 1 
Cycles: 1 


Operation: (f+1)—-d 
Status bits: OV, C, DC, Z 


Description: The contents of data memory location “f” 
are incremented. If “d” is 0 the result is 
placed in the W register. If “d” is 1 the 
result is place in datamemory location ‘f’. 


INCFSZ Increment f, skip if 0 
Syntax: INCFSZ f,d 


Words: 1 
Cycles: 1 (2) 


Operation:  (f+1) — d, skip if result = O 
Status bits: None 


Description: The contents of data memory location “‘ 
are incremented. If “d” is 0 the result is 
placed in the W register. 


If “d” is 1 the result is placed in data 
memory location “f’. If the result is 0 the 
next instruction is skipped. If the result is 
0 the next instruction, fetched during the 
current instruction execution, is discarded. 
A NOP is executed instead making this 
the two-cycle case. 


INFSNZ Increment f, skip if not 0 
Syntax: INFSNZ_ f,d 


Words: 1 
Cycles: 1(2) 


Operation:  (f+1) ->d, skip if not O 
Status bits: None 


Description: The contents of data memory location “f’ 
are incremented. If “d” is 0 the result is 
placed in the W register. 


If “d” is 1 the result is placed in data 
memory location ‘f’. If the result is not 0 
the next instruction, fetched during the 
current instruction execution, is discarded. 
A NOP is executed instead making this a 
two-cycle instruction. 
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lIORLW Inclusive OR literal with W MOVFP Move f to p_ 
Syntax: IORLW_sik . Syntax: MOVFP fp 
Words: 1 Words: 1 
Cycles: 1. Cycles: 1 
Operation: (W.OR.k)—~W Operation: f—-p 
Status bits: Z Status bits: None 
Description: The contents of the W register are inclu- Description: Move data from data memory location “f’ 
sively OR’ed with the eight bit literal “k’. to data memory location “p”. Location “f’ 
The result is placed in the W register. can be anywhere in the 256 word data 
Ff : he as space (00h to FFh) while “p” can be OOh 
lORWF Inclusive OR W with f to 1Fh. | 
Syntax: IORWF _ fd Either “p” or “f’ can be the W register (a 
Encoding: [0000] 100d | fff£| FEfE useful special situation). 
Words: Ee Bae aes MOVFP is particularly useful to transfer 
| a data memory location to a peripheral 
Cycles: 1 register (such as the transmit buffer or an 
Operation: (W.OR.f)>d /O port). Both “f" and "p" can be indi- 
; : rectly addressed. 
Status bits: Z 
Description: Inclusive OR the W register with data MOVLB Move Literal to BSR 
| llr eur Ts ed [ i. heute Syntax: MOVLB k 
stored in the W register. is e 
result is stored in data memory location Encoding: 
. Words: 1 
LCALL _ Long Call | Cycles: 1 
Syntax: LCALL k | . Operation: k + BSR 
Words: 1 | Description: The constant is loaded in Bank Select 
; Register (BSR, OFh). Only the low 4 bits 
Cycles: 2 of the Bank Select Register are physically 
Operation: | PC+1-> TOS; | implemented. 
k— PCL, (PCLATH) > PCH 
Status bits: None — 
Description: LCALL allows unconditional subroutine 
call to anywhere within the 64k program 
memory space. First, the return address 
(PC+1) is pushed onto the stack. A 16-bit 
destination address is then loaded into 
the program counter. The lower 8-bits of 
the destination address is embedded in 
the instruction. The upper 8-bits of PC is 
loaded from PC high holding latch, 
PCLATH. LCALL is a two-cycle instruc- 
tion. : 
Example: MOVLW 56h. ; W=56h 
MOVPF W,PCLATH ; PCLATH = 56h 
LCALL 3Ah ; CALL 563Ah 
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MOVLW Move Literal to W 
Syntax: MOVLW_ k 


Encoding: 1011 | 0000 | kkkk | kkkk 
Words: 1 
Cycles: 1 


Operation: k—>W 
Status bits: None 
Description: The eight bit literal “k” is loaded into W 


register. 
MOVPF Move p to f 
Syntax: MOVPF psf 
Words: 1 
Cycles: 1 


Operation. p-—-f 
Status bits: Z 


Description: Move data from data memory location “p” 
to data memory location “f’. Location “f” 
can be anywhere in the 256 byte data 
space (00h to FFh) while “p” can be 00h 
to 1Fh. 


Either “p” or “f’ can be the W register (an 
useful special situation) 


MOVPF is particularly useful for 
transferring a peripheral register (e.g. 
the timer or an I/O port) to a data memory 


location. 
MOVWE__ Move W tof 
Syntax: MOVWF sf 
Words: 1 
Cycles: 1 


Operation: Wf 
Status bits: None 


Description: Move datafrom W register to datamemory 
location “f’. Location “f’ can be anywhere 
in the 256 word data space. 


NEGW Negate W 
Syntax: NEGW __ fd 


Encoding: 0010 | 110d] £fff | f£FFE 
Words: 1 
Cycles: 1 


Operation: W+1> f; W+iod 
Status bit: OV, C, DC, Z 


Description: The contents of the W register are ne- 
gated using two’s complement. If “d” is 0 
the result is placed in W register and data 
memory location “f’. If“d” is 1 the result is 
placed only in data memory location ‘“f’. 





NOP No Operation 
Syntax: NOP 

Words: 1 

Cycles: 1 


Operation: | No operation 

Status bits: None 

Description: No operation 

RETFIE Return from Interrupt 
Syntax: RETFIE 





Words: 1 
Cycles: 2 


Operation: TOS— PC, 0- GLINTD; 
PCLATH (f3) is unchanged 


Status bits: GLINTD 


Description: Return from Interrupt. Stack is popped 
and Top of the Stack (TOS) is loaded in 
PC. Interrupts are enabled by clearing 
GLINTD bit. GLINTD is global interrupt 
disable bit (bit 4, register CPUSTA). This 
is a two cycle instruction. 
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RETLW Return Literal to W RLNCE Rotate Left f (no carry) 
Syntax: RETLW_ k Syntax: RLNCF fd | | 
Encoding: Encoding: 
Words: 1 Words: 1 
Cycles: 2 Cycles: 1 
Operation: k —W; TOS -> PC; Operation: f<n>— d<n+1>; f<7> — d<0> 
PCLATH (f03) is unchanged Status bits: None 
Status bits: None = Description: The contents of data memory location ‘f” 
Description: The W register is loaded with the eight bit are rotated one bit to the left. If “d” is 0 the 
literal “k”. The program counter is loaded result is placed in the W register . If “d” is 
from the top of the stack (the return 1 the result is stored back in data memory 
address). The high address latch location “f’. 
PCLATH) remains unchanged. Thisisa 
Syntax: RRCF fd 
RETURN Return from Subroutine Encoding: 
Syntax: RETURN oles: : 
: Cycles: 1 
Encoding: 0000 0000 0000 } 0010 
Words: Ec SR Operation: f<n> > d<n-1>; f<0> >+C; C—d<7> 
Cycles: 2 Status bits: C 
bee ; Description: The contents of data memory location “?’ 
Operation: epee h d are rotated one bit to the right through the 
(f3) is unchange Carry Flag. If “d” is 0 the result is placed 
Description: Return from subroutine. The stack is in the W register. If “d” is 1 the result is 
popped and the top of the stack (TOS) is placed in data memory location “f”’. 
loaded into the program counter. This is 
RLCF Rotate Left _f through Carry Syntax: RRANCF fd 
3 Words: 1 
Encoding: }0001 | | 101d | [SEeee | eee) 
Cycles: 1 
Words: 1 
Operation: f<n> —d<n-1>; f<0>— d<7> 
Cycles: 1 
Operation: f<n>—-d<n+1>; f<7>—C; C -— d<0> Sie pile NONE 
Status bits: C Description: The contents of data memory location "f* 
Benne | are rotated one bit to the right. If “d’is O the 
Description: The contents of data memory location “f’ result is placed in the W register. If “d” is 
are rotated one bit to the left through the 1 the result is placed in data memory 
Carry Flag. If “d” is O the result is placed location “f’. 
in the W register. If “d” is 1 the result is 
stored back in data memory location ‘T’. 
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SETF  SetfandSetd _—_——___ SUBWE Subtract W_from f 

Syntax: SETF f,d Syntax: SUBWF fd 

Words: 1 Words: 1 

Cycles: 1 Cycles: 1 

Operation: FFh-f,FFh >~d Operation: (f-W) ~d 

Status bits: None Status bits: OV,C, DC, Z 

Description: If“d”isO both the data memory location‘? Description: Subtract (2's complement method) the W 
and W register are set to FFh. If “d” is 1 register from data memory location‘t’. If 
the only the data memory location ‘fT’ is “d” is O the result is stored in the W 
set to FFh. register. If“d” is 1 the result is stored back 

in data memory location “f’. 
SLEEP 


SUBWEB _ Subtract W from f with Borrow 
Syntax: SLEEP ee 


ee Syntax: SUBWFEB f,d 





Cycles: 1 Words: L 

Operation: 0—PD;1 >TO Cycles: L 
00h — WDT; 0 — WDT prescaler Operation: (f-W-C) >~d 

Status bits: TO, PD Status bits: OV, C, DC, Z 

Description: The powerdownstatus bit (PD) is cleared. Description: Subtract (2's complement method) the W 
Time-out status bit (TO) is set. Watchdog register and the carry flag (borrow) from 
Timer and its prescaler are cleared. data memory location “f’. If “d” is O the 
The processor is put into SLEEP mode result is stored in the W register. If “d” is 
with the oscillator stopped. See section bi dey is stored in data memory 
on SLEEP mode for more details. ceo 

SUBLW___ Subtract W from literal SWAPF _Swap f 

Syntax: SUBLW k Syntax: SWAPF _f,d 

Encoding: Encoding: 

; Words: 1 

Words: 1 

Cycles: 1 Cycles: 1 

Operation: (k-W) >W Operation: f<0:3> — d<4:7>, f<4:7> — d<0:3> 

Status bits: OV, C, DC, Z slalusinlis:- fone 

Description: The contents of the W register are sub- poveeuen:: Ine zi a ‘ babel he ae 
tracted from the 8-bit literal “k”. The result EMO Ce anor tals Cxenven 


is O the result is placed in W register. If “d” 
is 1 the result is place in data memory 
location “f’. 


is placed in the W register. 
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TABLRD___ Table Read TABLWT___Table write 
Syntax: TABLRD t,i,f Syntax: TABLWT t,i,f 
Encoding: Encoding: 
Words: 1 Words: 1 
Cycles: 2 (3 cycle if f = O2h [PC]) Cycles: 2 (Many if write is to on-chip EPROM — 
Operation: If t= 1 then TBLATH —> f program memory) 

else if t= 0 TBLATL — f; Operation:  ift=Othenf— TBLATL 

Prog Mem (TBLPTR) — TBLAT; else ift = 1 then f — TBLATH; 

ifi= 1 then TBLPTR + 1 — TBLPTR TBLAT — Prog Mem (TBLPTR); 

Status bits: None if i= 1 then TBLPTR + 1 — TBLPTR; 
Description: . : 4 Description: First, contents of file register f is loaded in 
ption: First, either the low byte (if t = 0) or the : ; : 
high byte (if t = 1) of the table latch the low byte (if t = 0) or high byte (ift = 1) 

(TBLAT) is moved to register file “f*. of Table Latch, TBLAT. 
Then the contents of the program memory He cial points to extemal program 
location pointed to by the 16-bit Table Lucatlial peaton nen re conten. or 
Pointer (TBLPTR) is loaded into the 1- bit TBLAT is written to it and the instruction 
Table Latch (TBLAT). Finally table pointer ae 
is incremented if i = 1. if TBLPTR points to an internal EPROM 
Example: MOVLW 12h location, then an EPROM write (program) 
MOVPF W,TBLPTRH ; sequence is initiated. Itis terminated when 
MOVLW 34h ; an interrupt is received. 
Te oan” CielA cecal: Ifthe Global Interrupt Disable bit (GLINTD) 
- (1234h) is set, the interrupt will complete the 
- TBLPTR = 1235h TABLWT, but no interrupt sequence will 
TLRD 0, 50h ; low byte — 50h be invoked. If GLINTD = 0, then interrupt 
TABLRD 1,1, 51h ; high byte > 5th will be acknowledged following the 
; TBLAT = Prog Mem TABLWT. 
; (1235h) . ate 
- TB1.PTR = 1236h For an interrupt to end programming, its 
TLRD 0, 52h ; low byte > 52h corresponding mask bit must enable the 
TLRD 1, 53h ; high byte > 53h interrupt. If the terminating interrupt is 
INTIR, RTCIR or RTXIR, the flag bit is 
automatically cleared. The clearing takes 
place for both short and long table writes. 
The user can protect against accidental 
clearing of an interrupt flag due to a 
TABLWT instruction by masking off the 
above mentioned interrupts before doing 
table write operations. 
MCLR/Vrp pin must be at programming 
voltage for successful programming. If 
MCLR/Vpr = Vcc then the programming 
sequence will be executed, but will not be 
successful (although the location may be 
disturbed). 
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TLRD Table Latch Read XORLW Exclusive OR literal with W 
Syntax: TLRD tf Syntax: XORLW k 
x= don’t care Words: 1 
Words: 1 Cycles: 1 
Cycles: 1 Operation: (W.XOR. k) ~ W 
Operation: if (t= 0) thenTBLATL -f else if (t = 1) Status bits: Z 
then TBLATH — f Description: Thecontents ofthe W register are XOR’ed 
Status bits: None with the 8-bit literal “k”. The result is 
Description: Read data from high byte (t = 1) or low placed in the W register. 
byte (t = 0) of 16-bit Table Latch into file 
register “f". Table Latch is unaffected. XORWF Exclusive OR W with f 
This instruction is used in conjunction 
é; Syntax: XORWF fd 
with TABLRD to transfer data from pro- : 
gram memory to data memory. Encoding: 
TLWT Table Latch Write Words: L 
Syntax: TLWT tf aaa XOR. Nod 
, Operation: W. fj 
Encoding: 1010 | O1ltx | £fff | FLEE 
aes Soca. 
x= don’t care 
Words: 1 Description: Exclusive OR the contents of the W reg- 
ORs: ister with data memory location “fT”. If “d” 
Cycles: 1 is O, the result is stored in the W register. 
Operation: __ if (t=0)thenf—» TBLATL elseif (t= 1) then lt “ois i ih es er stOred, in dala 
f > TBLATH memory location “ft. 
Status bits: None 
Description: Data from file register f is written into the 
low byte (t= 0) or thehigh byte(t= 1) of 
the 16-bit Table Latch. 
This instruction is used in conjunction 
with TABLWT, to transfer data from data 
memory to program memory. 
TSTFSZ Test f, skip if 0 
Syntax: TSTFSZ_f 
Words: 1 
Cycles: 1 (2) 
Operation: skip iff =O 
Status bits: None 
Description: If the contents of data memory location “f” 
are 0, then the next instruction is skipped. 
If “f’ = O, the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-cycle instruction. 
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11.0 DEVELOPMENT SUPPORT 


11 Development Tools 


The ‘PIC16C5X and PIC16CXX maicrocounoler are 
supported with a full range of hardware and software 
development tools: | 


PICMASTER™ Real-Time In-Circuit Emulator 
PRO MATE™ Universal Programmer 
PICSTART™ Low-Cost Prototype Programmer 
Assembler 

Software Simulator 


11.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal in-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to: support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System ‘is designed to operate on PC 
compatible machines ranging from 80286-AT® class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows® 3.1 environment, allowing the op- 
eratoraccess to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 


e Emulator Control Pod 
¢ Target-Specific Emulator Probe 
e PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DDE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DDE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., asystem containing a PIC16CXX processor anda 
PIC17CXX processor). 


11.3. PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vpop and VPP sup- 
plies which allows it to verify programmed memory at 
Vopd min and Vob max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. fa 


FIGURE 11-1: PICMASTER SYSTEM CONFIGURATION 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VoD min, VoD max and VprP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular “programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


11.4 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to 
Object code for all Microchip microcontrollers. 


e Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


e Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


¢ Control Directives permit sections of conditionally 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


PIC17C42 


11.5 Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


11.6 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 11-1: 


TABLE 11-1: DEVELOPMENT SYSTEM 
PACKAGES 


tem) Name System Description 


PICMASTER™ | PICMASTER In-Circuit Emulator 


with your choice of Target Probe, 
PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


20.7 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER Devices Maximum Operating 
POP islet L eupporee.. J Frequency eOUeney _ VONAGE | 








PROBE 47. DPIGITC4 fpici7cez | temnz | 4sv-55v 4.5V - 5.5V 
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12.0 ELECTRICAL CHARACTERISTICS 
12.1 Absolute Maximum Ratingst 


Ambient temperature Under DiaS .............:cccccsssesssserssscsesseeseesees lsteuictaciieeh cateiende eG ned atone bo © 10 125°C 
Storage temperature .........scsecseessececececseseereseceeees seins dss Scgus Lanasitastieasteeste apscacatellyeeaiaurssinueaexeanteuragaetesss OD 10: 100°C 
Voltage On Von with reSpect tO VSS ........:ecsceccssssessssssssssscssssscsssesscsssssssssessseseceseseussesssssacssssseueeceseaeesenses veseeee OV tO +7.5V 
Voltage On MCLR with respect to VSS u...cccccccssssssssssssssessssssssssssesssssssssessssssssssstsssssussnsssssssssnessersessesessesessneessessessnsesessensesessenssuse buena —0.6V to 12V 
Voltage on RA2 and RAS with respect to VSS on essssssssssssssssssssssssssnsesee Seen a mE TRE Bee NCI DL ET RT —0.6V to 12V 
Voltage on any pin with respect to Vss (except Vop, MCLR, RA2, RAS) ............sscccssssscssssssessesseseeee “O.6V to Von +0.6 
Maximum current into Vop pin(s) total Reh Nace Set ait SANA Seat te ea Soa Mcneela neha A OLA 
Maximum current out of all Vss pins total ...........:.......00 eas -Nec sateen esipavhugen cous decatevee dia dedectactevuinuetieieuastseaavecesosouias, LOOIMIAY 
Maximum current sunk by any I/O pin (except RA2, RAS).................. Ssdussisecitgussetdgenaiined sa comhean id aseueaeon tasiaruaueds sreseeeee SOMA 
Maximum current sunk by either RA2 or RAS pins ............esseesseeceeeeees Bispace cnc ao eadeat cas iu acces match weeee. BOMA 
Maximum current sourced by any I/O pin ....... dee tecs saute scaauestvecates ee Seaasi eae eae cies ata erent AOI 
Input clamp current, lik (Vi<O or Vi>VDD) ............ euiuniorces ote sitacedeandeneeeamibate sh vadedGsdeonté béeddaeadundeeunssavsseévascons LEOMA 
Output clamp current, lOK (VO<O Or VO>VDD) ............ssscccccccesssssscereeeeeeesessees sds teens peaveaaaiosavstanucactes Sedtakeeaeveedteactna LEOMIAL 
Total power GiSSIPAtION ...............cscesececeeeeesssecceeeeees ecauley cavesseee Sid Dotaes dctise trae ea send euluciel suctil at'e zceusse tmeasnaeadecceesueseteess savceen VV 


Notes: 1. Total power dissipation should not exceed 1 W for the package. Power dissipation is calculated as follows: 
Pdis = Vop x {lpp -  loh} + & {(Vop-Voh) x loh} + X(Vol x lol) 
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12.2 DC CHARACTERISTICS 












Operatinc Conaltions: 4.5V <VppD <5.5V, -40°C <TA <85°C unless otherwise stated. 


Sa eee Gl Ga 


Supply voltages and currents 
ae Voltage 


Supply Current (note 1) 









Voo=4.5V,freq=32KHz 
Voo=5.5V freq=4MHz 
Voo=5.5V ,freq=8MHz 
Voo=5.5V freq=16MHz 
Vop=5.5V freq 


Input voltage levels & hysterisis 
All inputs except C, D and E 
ports (Schmitt trigger inputs) 
including OSC1 (EC, RC modes) 

Ports C, D and E (TTL input) 


























OSCi1 (XT, LF modes) 


Ey 


input leakage current 
All pins except MCLR,RA2,RA3 
MCLR pin 
RA2,RA3 pin 
MCLR pin 

Pin capacitance 
All pins except MCLR, Vop, Vss 

MCLR 


Output voltage levels 
RA2,RA3 (open collector) 






& 
> 


Vss s VPIN <Vpp (note 4) 
VsssVMCLRsVpp 

Vss < VRA2, VRA3s12V 
VMCLR = Ver(note 5) 





= 
> 





















(note 6) 
loli= 60 mA, Vop= 5.5V 
loh2 = -6 mA, Voo= 4.5V 
lol2 = 6 mA, Voo = 4.5V 
loh3 = -5 mA, Vop= 4.5V 
lol3 = 3 mA, Vop = 4.5V 
loh4 = -2 mA 
lol4=4mA 


PORT C,D&E (TTL) 


OSC2/CLKOUT (RCL&Y 


Pull-up active, VPIN = Vss 


<& <<|e<<<<< BR (55 


RAM retention voltage 


t: Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested. 
*: Guaranteed by characterization and not tested. 
**: Guaranteed by Design. 


NOTE 1: Supply current is measured with PIC17C42 executing code (from internal test EPROM which is same as microcomputer mode) with all port pins configured as input 
and forced to Vop or Vss. External clock (rail to rail) is used. The user should note the following: 
a) The code executed from test memory attempts to exercise the chip to make more realistic measurements of IDD (rather than in reset). However, depending on 
user’s code, the current will vary. 
b) The user needs to add the current consumed by output drivers driving external capacitive or resistive load. For capacitive loads, this can be estimated for an 
. individual output pin as: (C, Vo) f where C, = total capacitive load, f = average frequency with which the pin switches. 


The current due to external capacitance load switching is most significant during external execution. 


c) The current consumed by the oscillator circuit needs to be considered as well. This will be especially significant for RC oscillator, where the current through the 
external pull up resistor can be estimated as: Vop/(2'R) 
NOTE 2: Standby current is measured under the following conditions: Part in SLEEP, MCLR = Voo. OSC1 and OSC2 pins driven or left floating (makes no difference). All port 
pins configured as input and tied to Vss or Voo. Standby current is not affected by oscillator type. 
NOTE 3: WOT off implies fuses FWDT1 = FWDTO = 0 which configures the WDT as a normal timer that shuts off during SLEEP. WDT on implies that the WOT is 
configured as a watchdog timer (FWDT1, FWDTO = 01, 10 or 11) which continues to run during SLEEP. 
NOTE 4: With any weak pull-up disabled. 


NOTE 5: When not programming 
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12.3 AC CHARACTERISTICS 


12.3.1 AC Characteristics: OSC/Reset/System bus 
Operating Conditions: 4.5V <VoD <5.5V, -40°C <TA <85°C unless otherwise stated. 


-Characteristic__|symbol_|_min | _Tyot | Max | unit | Comments __ 


Input clock and oscillator 


frequencies 
Oscillator frequency 































LF osc mode 
XT osc mode 


RC osc mode 










RC mode frequency 
Recommended limits: 





External clock in frequency 
instruction cycle time 


EC mode (external clock) 


4/Fosc Fosc = osc/clock-in 


Clock-in (OSC1) high or low time 


Clock-in (OSC1) rise or fall time 





Reset timing 






MCLR pulse width | tmcL 
MCLR J to AD<15:0> high tmcL2adZ 
impedance 

WDT, OST, PWRT and 


POR timings 
WDT period 
Power up timer period 
Oscillator start-up timer 
(OST) period 

Voo rise time for POR to 
function properly 

Vop start voltage to guarantee 
power on reset 
System bus timings 
Address out valid to ALE 1 
(address setup time) 


Prescale = 1 


tosc = oscillator period 


Time for Vop to rise from 
OV to 4.5V (Note 1) 

See section 4.4 for 
details 












with 100 pF load on all 
address/data_ and control 
(ALE,OE,WR) pins. 










ALE | to address out invalid 
(address hold time) 
AD_<15:0> high impedance 
to OEL 

OET to AD<15: O> driv 





. tadV20eH 


toeH2adl 













Data out valid to tadV2wrL 


(data setup time) 
WRT to data out invalid 
(data hold time) 







twrH2adli 0.25 Tcy** 
























ALE pulse width talH 0.25 Tcy** 
OE pulse width - toeL 0.5 Tey-35** - 
WR pulse width twrL - 0.25 Tcy** 







ALE T to ALE T (cycle time) 
Capacitive load on output pins 
OSC2 

ALE, WR, OE and AD<15:0> 


All other pins, including 
C, D, E ports 


talH2alH - 
Cosc2 (note 2) 
CAD (note 3) 
Cio (note 3) 





when used as po 
See footnotes on next page. 
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t: Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
*: Guaranteed by characterization 
**: Guaranteed by design 
NOTE 1: VoD must start from OV for Power on reset to function properly. Vob rise time can be longer but then external 
POR circuitry will be required. 
NOTE 2: InECandRC oscillator modes when OSC2 pin is outputting CLKOUT, or in XT or LP mode when external clock 
is driven into OSC1 pin. | 
NOTE 3: All AC specs are valid for these capacitive loadings 


12.3.2 AC Characteristics: Serial Port | 
Operating Conditions: 4.5V <VoD <5.5V, -40°C <TA <85°C unless otherwise stated. 


Characteristic | Symbol _| 


YNC XMIT (MASTER 
Clock high to data out valid tckH2dtV 


Clock out rise time and fall time 
(Master Mode) tckrf 


Data out rise time and fall time tdtrf 


SYNC RCV (MASTER & SLAVE) 


Data in valid before tdtV2ckL 
CK J (DT setup time) 


Data in invalid after tckL2dtl 
CD J (DT hold time) 





t: Data in "Typ" column is at 5V, 25°C un : 3 Stated. These parameters are for design guidance only 
and are not tested. 


12.3.3 AC Characteristics7i QD 
Operating Conditions: Ses 3V, -40°C <TA <85°C unless otherwise stated. 


[Characteristic > _) \ 





Port A, B, C, D, E in vali! before | trxV2ckH | 0.25 Tcy+25 
CLKOUT T ( RC and EC mode) 


ft: Datain “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. . | 
NOTE 1: Timings are valid for a maximum of 50pF total capacitive load on the port pins, and CLKOUT pin. 
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12.3.4 AC Characteristics: TMRO & INT 
_ Operating Conditions: 4.5V <VpD <5.5V, -40°C <TA <85°C unless otherwise stated. 


Cheracteristic symbol | __win | typ! { max_{ nt Comments 


TMROQ in ext clock, prescale = 1 
trtH1 0.5 Tcy+20**. : 
trtL1 0.5 Tcy+20** 

trtH2 10* - _ | 

trtH2 10* - 

trtP - a ox = prescale value 

P,4,8,....,256) 
7 BES 


t: Datain "Typ" column is at 5V, 25°C unless otherwise st 
are not tested. 


* Guaranteed by characterization 
** Guaranteed by design and characterization 
















TOCK! clock input high time 
TOCKI clock input low time 





TMRO in ext clock, prescale > 1 










TOCKI clock input high time 
TOCKI clock input low time | 
TOCKI clock input period 




















RAi/TOCKI pin and 
| RAO/INT pin interrupt input 





RA1/TOCKI pin and | 
RAO/INT pin input high time 
RA1/TOCKI pin and 

RAO/INT pin input low time 


eters are for design guidance only and 


12.3.5 AC Characteristics: Timer 1, Ti 


Operating Conditions: 4.5V NORE 


—— ee 


Timer1, Timer2, Timer3 
Input clock high time o 
pins TCLK12, TCL 
Input clock low tir 
pins TCLK12” 
| re» | 


Input high time on 
RBO/CAP1, RB1/CAP2 
Input low time on 
RBO/CAP1, RB1/CAP2 
Input period on 
RBO/CAP1, RB1/CAP2 










Comments 





rae 6 5Tcy+20** 


0.5Tcy+20** 









tcpH 








tepL 













tcpL where N=capture prescale 


(1, 4, 16) 
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12.3.6 AC TEST LOAD AND TIMING CONDITIONS 


FIGURE 12.3.6.1 - INPUT LEVEL CONDITIONS 


Port C, D & E pins: 
Vih =2.4V 


Vil = 0.4 V 


i} 1 
Data in invalid 


Vih = 0.9 VoD 





Vil = 0.1 Vob 
Data in valid 





FIGURE 12.3.6.2 - OUTPUT LEVEL CONDITIONS 


VOH = 0.7 VDD 
Vop/2 
Voi = 0.3 VoD 
) 
<< Data out invalid 


a ta 
f A — 0.1 Vop 

| 1 
—— ‘aia Rise time — — Fall time 


Data out valid 


' Output 
hi-impedence 





FIGURE 12.3.6.3 - LOAD CONDITIONS 


ondition 1 Load condition 2 
Vob/2 


RL 


Pin CL Pin 
Vv Vv 


Vss _ Vss 


CL 


RL = 464 
CL=100pF for C, D, E port outputs when 
used as system bus 


50 pF for all pins except OSC2 but 
including C, D, E outputs as ports 


25 pF for OSC2 output 
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12.4 TIMING DIAGRAMS 
FIGURE 12.4.1 - TIMING DIAGRAM - EXTERNAL PROGRAM MEMORY READ 


| Q2 | Q3 | | Q2 | 
| | | | | 
BO ee 
| | | | : | | 


- ~—— talH2alH ————— > | 
ALE tages a 
[ee ee ee | 


{mi t-tadZ2oeL | 


[EE tock — Fg ____sitoettzaap 
XXX : 
AD<15:0> XXX Addr outl! 


KK 
WO, _Datain |: NX 


tadV2alL «st! | tad V20eH« —____—_-»! 


talL2adI | toeH2adI 


~— tadV2alL = AD <15:0> (address) valid to ALE |; address setup time 
-talL2adi = ALE J to AD<15:0> (address) invalid; address hold time 
tadZ2o0eL = AD <15:0> high impedance to OE J 
toeH2adD = OE T to AD <15:0> driven (address out) 
tadV20eH = AD <15:0> (data) valid to OE T; data setup time 
toeH2adl = OE T to AD <15:0> (data) invalid; data hold time 


talH = ALE pulse width 
toeL = OE pulse width 
talH2alH = ALE T to ALE 7; bus cycle period 








DS30073D-page 78 Prelimina ry © 1994 Microchip Technology Inc. 
2-680 


PIC17C42 





FIGURE 12.4.2 - TIMING DIAGRAM - EXTERNAL PROGRAM MEMORY WRITE 


+ tall 2ad! 


- iagVeall" 


Uy _ 3 = 
OXK7: AYXX7: ; ; i: (XXX / 
QBN addr out | BK : coe XX 
<> Pee: 

| | tadV2wrL | twrH2adl 
tadV2aiL = AD<15:0> (address) valid to ALEJ; address setup time 
talLadl = ALE to address out invalid; | 
tadV2wrL = AD <15:0> (data) out valid to WR J; data out setup time 


twrH2adl = WR T to ad <15:0> (data) out invalid; data out hold time 
twrL = WR pulse width 





FIGURE 12.4.3 - TIMING DIAGRAM - INTERRUPT TIMING 


lar] a2| aa| aa! a1 o2| aa| aa| a1] a2| ca Qa| a1 a2| a3| a4] at | 02| 0a| Qa| a1 ca aa] aa| 
| | | | 


INST (PC-2) | INST(PC-1) | INST (PC) INST (NPC) 
| Executed here | Executed here | Executed here | | Executed here | 


internal Signals 


| Vector—* Bus | 


VTB i | 


l | | Must be set 

Global ) ( by software 
Enable bit 

| | | | | 

| | | | 

| | | | 
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FIGURE 12.4.4 - RESET TIMING 


Processor held in 
a, | aa “i ar] a aa] aal ar| aa] aa] aal ra — | a3 
| | | 
[ ‘i 
i 


MCLR area: 


A080 EX )-O8)- 9 


ALE 


Fetch / Fetch 
INST (0001h) | INST (0002h) 
| 


- Se Oe an cok pecan 
| | 


Fetch 
INST (0000h) 


Fetch 
INST (0000h) 


Execute Execute 
INST (0000h) | INST (0001h) 





FIGURE 12.4.5 - TABLRD TIMING 


{ t l ' | 
| ay 2 aa a4 a 02 aa a4 ar a2 ag a4 ar a2 ag a4 
| | | | | 

pos EX} XX) 

| 

Instruction | TABLRD | NOP 1 | | NOP 2 | 
fetched | | | | | 
Instruction | INST (PC-1) | TABLRD cycle 1| TABLRD cycle2} = NOP1 | 
| | 
| | 


executed | | | 
Data read cycle 


| 
ee 7 
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FIGURE 12.4.6 - TABLRD TIMING (CONSECUTIVE TABLRD INSTRUCTIONS) 


! ay] an] aa a4 ay| aa] aa a4 ay aa] aa a4 ay] ae] aa a4 ar! ae] aa a4, ay ae] aa a4 


| 
pase XOX) 6X) ) KX 


Instruction | TaBLRD1 ! TABLRD2 | | NOP1 | | NOP 2 
fetched | | | l 


executed 





| Data read cycle | | Data read cycle | 


| 
| 
| 
Instruction | INST (PC-1) | TABLRD1 cycle1| TABLRD1 cycle2| TABLRD2 cycle1| TABLRD2 cycle2| NOP 1 
| 
| 





FIGURE 12.4.7 - TABLWT TIMING 


] t 
) a1/a2|as|a¢ ay a2 aa a4 ay a2 ag a4 ay aa] ag a4 
| | | | 


| 
AD <t6i0>———{eX fo (rat) Data out foxx 


Instruction TaBLWwT | Nop1 |! Nnop2 | 
fetched | | | 


| | 

| | 

Instruction | INST (PC-1) | TABLWT cycle 1| TABLWT cycle 2| NOP 1 | 
executed 

| | | | | 

| | 


Data write cycle 


Eg SR AY (g0 PR gp SE fs 
| | | | 
| 


=_ tp tp 
| | 
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FIGURE 12.4.8 - TABLWT TIMING (CONSECUTIVE TABLWT INSTRUCTIONS) 














| | ; I 
, ay] ce] ag a4 ar| ae] aa] a4 ar| ae] ag a4 ar| a2] a3) a4 ar| a2] aa a4, ay] a2 aa a4, 
= | | | ii | | 


| | | 
AD <15:0> (eX) eK fal ata fk fa vaaonz Moo 











| 
Instruction | TABLWT 1 | TABLWT2~ | NOP 1 | NOP 2 | | | 
fetched | | | | | | | | 
ohare | INST (PC-1) |TABLWT1 cycle1|TABLWT1 cycle2|TABLWT2 cycle1 | TABLWT2 cycle2| NOP 1 | 
execu - 
| | | | Data write cycle | | | Data write cycle | | 
| | 


| | | 
Ee IE I SINE ORY CN el i OR eee) 


FIGURE 12.4.9 - SLEEP/WAKE-UP THROUGH INT (LF, XT MODES) 


'  tosc1 ‘ tost ' 
Pt —— = 1024 tose 


ee [ELELAe eeea 


AD<15:0> 


Instruction INST (PC+1) Restart OSC INST (PC+2)| INST (PC+3) 


Fetched (Wake-up through 
Instruction SLEEP INT interrupt) INST (PC+1)| INST (PC+2) 
Executed 


Notes: 1. LF or XT oscillator mode assumed. 
2. INT interrupt is assumed to be enable (INTDE=1) and global interrupt disable is assumed to be set (GLINTD=1). Hence, program does not branch to interrupt vector 
after wake-up. 
3. tosc1= time for oscillation amplitude to reach a level acceptable by the oscillator start-up timer. tosT = oscillator start-up timer time-out delay = 1024 tosc. 
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FIGURE 12.4.10 - SLEEP/WAKE-UP THROUGH INT (RC MODE) 


OSC1 at Hi-Z, held at logic ‘1’ by extemal pull-up resistor 


Restart OSC INST (PC+2){ INST (PC+3) 
(Wake-up through 
INT interrupt) INST (PC+1)! INST (PC+2) 


Notes: 1. RC oscillator mode assumed. 
2. INT interrupt is assumed to be enable (INTDE=1) and global interrupt disable is assumed to be set (GLINTD=1). Hence, program does not branch to interrupt vector 
after wake-up. 
3. tosc1= time for oscillation amplitude to reach a level acceptable by the oscillator start-up timer. tosT = oscillator start-up timer time-out delay = 1024 tosc. 


RA5/TX/CK 
“pin 


RA4/RX/DT 
pin 





FIGURE 12.4.12 - SYNCHRONOUS RECEIVE (MASTER/SLAVE) 





RASTXICK Ny F—eee 
pin 3 


tdtV2ckL 







pin aes ! 


<i tckL2dt] —————>+ 






FIGURE 12.4.13 - /O PORT INPUT/OUTPUT TIMING (PORTA, PORTB) 


lat Jaz |a3|asiar Ja2|a3|a4| 
| | 
oscacikout \ 4 \-_4 
ee ee 
WRTOPORT] | Si 
(internal) ah ia Port sampled 
 tckH2rxv : 
RD_PORT —-——i-_ + i/ \ 4 
(internal) | : | l 
Portoutput —‘| | x | 


tckH2rxV = CLKOUT T to port data out valid 
trxV2ckH = Port data in valid before CLKOUT T 
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13.0 PACKAGING INFORMATION 
See Section 11 of the Data Book. | 
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CONNECTING TO MICROCHIP BBS 


Connect world wide to the Microchip BBS using the 
Compuserve communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use Compuserve membership 
services, therefore you do not need Compuserve 
membership to join Microchip's BBS. 

The procedure to connect will vary slightly from 
country to country. Please check with your local 
Compuserve agent for details if you have a problem. 
Compuserve services allows multiple users at baud 
rates up to 9600. 





To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal Compuserve setting 
which is 7E1. 


2. Dial your local Compuserve phone number. 


3. Depress <ENTER> and a garbage string will 
appear because Compuserve is expecting a 7E1 
setting. 


4. Type + <ENTER> and Host Name: will appear. 


5. Type MCHIPBBS<ENTER?> and you will be 
connected to the Microchip BBS. 


In the United States, to find Compuserve's phone 
number closest to you, set your modem to 7E1 and 
dial (800) 848-4480 for 300-2400 baud or (800) 331- 
7166 for 9600 baud connection. After the system 
responds with Host Name:, type 


NETWORK<ENTER?> and follow Compuserve's 
directions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local Compuserve 
number. 


Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated in the United States. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MATE and PICSTART are trademarks 
of Microchip Technology Incorporated. 

IBM PC and AT are registered trademarks of IBM 


Corporation. 

MS-DOS and Microsoft Windows are registered trade- 
marks of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe 
Inc. 


All other trademarks mentioned herein are the property of 
their respective companies. 
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IC17C42 Pr Identification e 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 


PART NUMBERS 
PART NO - XXX/K XXX 


3-Digit Pattern code for QTP 
(blank for OTP and windowed 
parts) 


PACKAGE: P= PDIP 
JW= Cerdip window 
L= PLCC 
PQ= MQFP (Metric PQFP) 


TEMPERATURE Blank = 0°C to + 70°C 
RANGE: = -40°C to + 85°C 


SPEED: 16 = 16 MHz 
25 = 25 MHZ 


DEVICE: PIC17C42 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 








DS30073D-page 86 Prelimina ry © 1994 Microchip Technology Inc. 
2-688 


S 





MicROCHIP 
SECTION 3 
8-BIT MICROCONTROLLER 3) 
PROGRAMMING SPECIFICATIONS 
PIC16C5X PIC16C5X EPROM Memory Programming Specification ....................00- 3- 1 
PIC16C6X/7X PIC16C6X/7X EPROM Memory Programming Specification ................... 3- 13 
PIC16C84 PIC16C84 EEPROM Memory Programming Specification .................000 3- 25 
PIC17CXX PIC17CXX EPROM Memory Programming Specification ...............sssceee 3- 37 
SQTP SQTP (Serialized Quick Turn Programming) Specification for PIC16C5xX ...... 3- 49 


eT a Se ee ee a ae ee re eT et re ae CSP A Sn aT eso een 
© 1994 Microchip Technology Inc. DS00018G 





MICROCHIP 





DS00018G © 1994 Microchip Technology 
3-ii | 








MICROCHIP P C 1 6C5X 


PIC16CSX EPROM Memory Programming Specification 





1.0 INTRODUCTION FIGURE 1.1.1 - PIN CONFIGURATIONS 
1.1 Overview PDIP, SOIC, 


The PIC16C5X Series is a family of single-chip CMOS CERDIP Window 
microcontrollers with on-chip EPROM for program stor- 
age. 


~—s 


RA1 <> 
RAO ~t- 
OSC1I/CLKIN ~t- 
OSC2/CLKOUT —> 


Due to the special architecture of these microcontrollers 
(12-bit wide instruction word) and the low pin counts 


DOOaONOO AWN * 
9S9D9LDid 
vSO9LDId 


a) 

2 
(starting at 18 pins), the EPROM programming method- o os eae 
ology is different from that of standard (byte-wide) oo RR6 ~t—e 
EPROMs (e.g., 27C256, etc.) or other EPROM-based = RBS <> 
microcontrollers. | RB4 <> 
The PIC16C5X Series can be programmed by applying 
the 12-bit wide data word to the 12 available I/O pins PDIP, SOIC, — 
while the address is generated by the on-chip Program CERDIP Window 


Counter. The MCLR pin provides the programming 
supply voltage (VPP) and serves also as a general test 
mode enable pin. Programming/verify chip enable is 
controlled by the RTCC pin while the OSC1 pin controls 
the Program Counter. 


1] MCLR/Vepe = 
OSCI/CLKIN ~#- 
OSC2/CLKOUT —> 
RC7 = 

RC6~=—_ 
RC5 <=. 
RC4 ~<a—e> 
RC3 = 


This document describes ail the programming details of 
the PIC16C5X Series and the requirements for pro- 

gramming equipment to be used from programming Le eae 
prototypes in the engineering lab up to high volume RCO = 


programming on the factory floor. RB7 <-> 
RB6 <> 


RB5 ~<—. 


OMAN OA WN ow 


LSD9LDId 
SSO9LOId 









P| | Prounpanneaieaypumree 
a 
i 
ee 
a ee 
Fe 
a el 















Programming power 
Power supply 





Legend: {= Input, O = Output, P = Power 
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2.0 PROGRAM/VERIFY MODES 


The PIC16C5x Series uses the intemal Program Counter 
(PC) to generate the EPROM address. Ver is ee 
through the MCLR pin. 


The RTCC pin acts as chip enable, alternating between 
programming and verifying. 


The OSC1 pin is used for verifying and incrementing the 
PC. 


Datais applied to, or canbe readon PORTA and PORTB 
(MSB on RB7, LSB on RAO). 


The programming/verify mode is entered by raising the 
level on the MCLR pin from Vit to VHH (= VPP) while the 
RTCC pin is held at ViH and the OSC1 pin is held at VIL. 


The Program Counter has now the value “FFFh", be- 
cause MCLR was at Vit before. This condition selects 
the configuration EPROM as the very first EPROM 
location to be accessed after entering the program/verify 
mode. 


Since the MCLR pin was initially at ViL, the device is in 
the reset state (the I/O pins are in the reset state). 


incrementing the PC once (by pulsing the OSC1 pin) 
selects location “OOOh” of the regular program memory. 
‘Afterwards all other memory locations from 001h through 
1FFh can be addressed by incrementing the PC . 


If the Program Counter has reached the last address of 
the normal memory area (e.g. “1FFh” for the PIC16C54/ 
55), andis incremented again, the on-chip TEST EPROM 
willbe addressed. (See Figure 2.3.2 to determine where 
the TEST EPROM is located for the various PIC16C5X 
devices). 


2.1 Program/Verify without PC Increment 


After entering the program/verify mode, pulsing the 
RTCC pin LOW programs the data present on PORTA 
and PORTB into the memory location selected by the 
Program Counter. The duration of the RTCC LOW time 
determines the length of the. programming pulse. 


Pulsing the RTCC pin LOW again without changing the 
signals on MCLR and OSC1 puts the contents of the 
selected memory location out on Port A and Port B for 
verification of a successful programming cycle. This 
verification pulse on RTCC can be much shorter than the 
programming pulse. If the programming was not suc- 
cessful, RTCC can be pulsed LOW again to apply 
another programming pulse, followed again by a shorter 
RTCC LOW pulse for another verification cycle. 


This sequence can be repeated as many times as 
required until the programming Is successful. 


2.2 Verify with PC Increment 


If a verification cycle shows that programming was 
successful, the Program Counter can be incremented by 


_ keeping the RTCC input at a HIGH level while pulsing 
the OSC1 input HIGH. When both, RTCC and OSC1, 


are HIGH, the contents of the selected memory location 
is put out on Ports A and B (= Verify). The falling edge 
of OSC1 will increment the Program Counter. 


A fast VERIFY- ONLY with automatic increment of the 
PC can be performed by entering the program/verify 
mode as described above and then clocking the OSC1 
input. If OSC1 is HIGH, the selected memory location is 
output on Ports A and B, while the falling edge of OSC1 
will increment the Program Counter. Thus, the first 
memory location to be verified after entering the pro- 
gram/verify mode, is the configuration EPROM. The 
next location is 000h followed by 001h and so on. The 
program memory location “N” can be reached by gener- 
ating “N + 1” falling edges on OSC1. When OSC1 is 
brought HIGH again, the contents of address “N” are 
output on Ports A and B as long as OSC1 stays HIGH. 


2.3 Programming/Verifying 
Configuration Fuse 


The configuration word, logically mapped at program 
memory location "FFFh", is physically separate from the 
user and TEST EPROM. The PC points to the configu- 
ration word after MCLR pin goes from LOW to VHH 
(HIGH). The configuration word can be programmed or 
verified using the techniques described in Sections 2.1 
and 2.2. 


if PC is incremented, the next location it will point to is 
“000h" in user memory. Incrementing PC 4096 times will 
not allow the user to point to the configuration word. The 
only way to point to it again is to reset and re-enter 
program test mode. 


2.4 Programming Method 





_ The programming technique is described in the follow- 


ing section. It is designed to guarantee good program- 
ming margins. It does, however, require a variable 
power supply for Vcc. 


2.4.1 PROGRAMMING METHOD DETAILS 
Essentially, this technique includes the following steps: 


Step 1: Perform blank check at VoD = VoD min. Report 
failure as an erase problem. The device may 
not be properly erased. 


Step 2: Program location with pulses (100 1s typically) 
and verify after each pulse at VDD = VoppP: 
where VppP = VOD range required during pro- 
gramming (4.5 V - 5.5 V). 


A. Programming condition: 
Vpp = 13.0 V to 13.25 V 
Vpbp = Vope = 4.5 V to 5.5 V 


Vpp must be 2 VppD + 7.5 V to keep “pro- 
gramming mode" active. 
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B. Verify condition: 
Vpb = Vopp = 4.5 V to 5.5 V 
Vpp = VoD + 7.5 V 


If location fails to program after "N" pulses, 
(suggested maximum program pulses of 
25) then report error as a programming 
failure. 


Step 3: Once location passes “Step 2", apply 3X 
overprogramming, i.e., apply three times the 
number of pulses that were required to pro- 
gram the location. This will guarantee a solid 
margin. The overprogramming should be made 
"software programmable" for easy updates. 


Step 4: Program all locations. 


Step 5: Verify aillocations (using speed verify mode) at 
VpbD = VDD min. 


Step 6: Verify all locations at VDD = VDD max. 


VbD min. is the minimum operating voltage 
spec. for the part. VOD max. is the maximum 
operating voltage spec. for the part. 


2.4.22 SYSTEM REQUIREMENTS 


Clearly to implement this technique, the most stringent 
requirements will be that of the power supplies: 


VPP: VpP can be a fixed 13.0 V to 13.25 V supply. It 
must not exceed 14.0 V to avoid damage to the 
pin and should be current limited to approxi- 
mately 30 mA. To avoid latchup on the 
MCLR/Vpp pin, the Vpp power supply must 
have 50 Q to 100 © impedance. If not, an 
external resistance is recommended. 


VoD: 2.0 Vto6.5 V with 0.25 V granularity. Since this 
method calls for verification at different VoD 
values, a programmable VpD power supply is 
needed. 





Current Requirement: 40 mA maximum 


Microchip may release PIC16CXxXs in the fu- 
ture with different VDD ranges which make it 
necessary to have a programmable Vpb. 


It is important to verify an EPROM at the voltages 
specified in this method to remain consistent with 
Microchip's test screening. For example, a PIC16C5X 
specified for 4.5 V to 5.5 V should be tested for proper 
programming from 4.5 V to 5.5 V. Any programmer not 
meeting the programmable Vop requirement and the 
_ verify at VoD max and Vop min requirement may only 
be classified as "prototype" or "development" pro- 
grammer but not a production programmer. 


2.4.3 SOFTWARE REQUIREMENTS 


Certain parameters should be programmable (and there- 
fore easily modified) for easy upgrade. 


A. Pulse width, current value 100us. 
B. Maximum number of pulses, current limit 25. 


C. Number of over-programming pulses: should be = 
(A °N) +B, where N = number of pulses required 
in regular programming. In our current algorithm A 
= 3,B=0. 


2.5 Programming Pulse Width 
Normal EPROM Cells 


When programming one word of EPROM (program 
memory and TEST EPROM) a programming pulse width 
(TPW) of 100 microseconds is recommended. 


The maximum number of programming attempts can be 
limited to 25 per word. 


After the first successful verify, the same location should 
be over-programmed with 3X over-programming. 


nfiguration F 


The configuration fuses for oscillator selection, WOT 
(watchdog timer) disable and code protection, require a 
programming pulse width (TPWF) of 10 milliseconds. A 
series of 100us pulses is preferred over a single 10 ms 
pulse. 


2.6 Special Memory Locations 


On top of the normal EPROM section for program 
storage is a special EPROM area available, called the 
TEST EPROM. Depending on the PIC16C5X device 
type, this TEST EPROM can be of different size and 
located at different start locations. Please refer to Figure 
2.3.2 for information about the TEST EPROM start 
address for a particular device. 


For the PIC16C54/55, the TEST EPROM consists of 64 
extra words (12-bit wide) which reside on top of the 512 
word program memory, starting at address location 
200h and ending at location 23Fh. 


For the PIC16C56, the TEST EPROM is 64 words as 
well, starting at location 400h to 43Fh. 


For the PIC16C57/C58A, the 64 TEST EPROM loca- 
tions are between addresses 800h and 83Fh. 


The TEST EPROM is only enabled if the device is ina 
test or programming/verify mode. Thus, in normal op- 
eration mode only the memory location 000h to NNNh 
will be accessed and the Program Counter will just roll 
over from address NNNh to 000h when incremented. 


aE ar PO A PP NE PS Sh si 7 tc Nf A sR RE RYE PUES AS AS STINE 
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FIGURE 2.3.1 - PROGRAMMING METHOD | 


| Blank Check @ 
a Voop =Vop min 


| | | |. Report Erase Failure, 
7_ Continue Programming 
| aes , at user's option 
| | ara Report Programming Failure 
Yes Yes 
: S 
. | N=N+1 
(N = # of Program Pulses) 
| Increment PC to Point to Apply 3N Additional — 
Next Location, N=O Program Pulses 


Locations 
Done? 


Verify All Locations @ 
VoD = VDD min 
Dt Report Verify Failure 
| | @ VoD min 
Yes - 
Verify All Locations @ 
Vpop =Vpbd max — 
ne Report Verify Failure 
@ VoD max 


| Yes 










Program 1 Location @ 
Vpp = 13.0 V to 13.25 V 
Voo = VDDP 






No 
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FIGURE 2.6.2 - PIC16C5X SERIES PROGRAM MEMORY MAP IN PROGRAM/VERIFY MODE 


Address 11 


Bit Number 


0 


(Hex) 000 es 


User Program 
Memory (NNN + 1) 


I een 
7 al 


(FFF) 


Test EPROM for Customer 
Use (4 x 4 Bit Usable) 


Test EPROM for 
Factory Use 


Configuration EPROM (4 Bit) 


NNN Highest normal EPROM memory address. NNN = 1FF for PIC16C54, 55. 


NNN = 3FF for PIC16C56 and 7FF for PIC16C57. 
TTT Start address of TEST EPROM 


The configuration EPROM can only be accessed 
immediately after MCLR going from ViL to VHH. The 
Program Counter will be set to all“1s” upon MCLR= VIL. 
Thus, it has the value “FFFh” when accessing the 
configuration EPROM. Incrementing the Program 
Counter once by pulsing OSC1 causes the Program 
Counter to roll over to all “Os”. Incrementing the Program 
Counter 4K times after reset (MCLR = VIL) does not 
allow access to the configuration EPROM. 





2.6.1 CUSTOMER ID CODE LOCATIONS 


Per definition, the first four words of the TEST EPROM 
(address TTT to TTT + 3) are reserved for customer 
use. Although all words in the TEST EPROM are 12-bits 
wide, it is recommended that the customer uses only the 
four lower order bits (bits O through 3) of each word and 
fills the eight higher order bits with “Os”. This guarantees 
that these locations can be read correctly even when the 
code protection logic is activated (see Section 2.6 for 
details). 


FIGURE 2.6.2.1 - CONFIGURATION FUSE BIT MAP 


Bit Number: 





2.6.2 CONFIGURATION FUSES 


The configuration word is the very first memory location 
which is accessed after entering the program/verify 
mode of the PIC16C5xX. It contains the two fuses for the 
selection of the oscillator type, the watchdog timer 
enable fuse, and the code protection fuse. All other bits 
(4 through 11) are read as “1s” during a verify if the code 
protection fuse is not blown. If the code protection logic 
is activated, all bits 4 through 11 of the configuration 
EPROM are read as “Os” (see Section 3.4 for details). 


RB7 RB6 RBS RB4 RBS RB2 RB1 RBO RAS RA2 RA1 RAO 


Note: I/O port assignment for programming and testing (the bits marked “X” are read as “1s” if CP = 1 and are 
read as “Os” if CP = 0). | 


© 1994 Microchip Technology Incorporated 





DS30190B-page 5 













PIC16C5X Programming Specification 


FIGURE 2.6.2.2 - FUSE BITS FUNCTIONALITY 


BESRES 
WDTE | OT1 | OT2 
PARATIET 
| X 
PREPS 
: H 








| rameton | amar 
~Memory Protected Note 
Watchdog Timer Enabled 
Watchdog Timer Disabled Note 


RC Oscillator a 













HS - High Speed Crystal 
XT - Standard Crystal 
LP - Low Frequency Crystal 


x Kx xX 







Oo 


Don't care. 


One-Time-Programmable (OTP) devices may have the 
oscillator fuses “OTO” and “OT1” set by the factory and 
are tested accordingly. The packages are marked 
“PIC16C5XHS’, “PIC16C5XXT”, “PIC1IGC5XLP", or 
“PIC16C5XRC”. Therefore, itis essential that the inputs 
RAO and RA1 are held at “1s” when programming the 


“WDTE” and/or the “CP” bit of the configuration EPROM. 


Otherwise, the factory tested and selected oscillator 
configuration could be overwritten and the functionality 
of the device is not guaranteed any more. — 


2.7 Code Protection. 


The program code written into the EPROM can be 
protected by blowing the code protection fuse (bit “CP” 
in the configuration EPROM). Ifthe code protection logic 
is activated, the contents of the program EPROM cannot 
be read out in a way that the program code can be 
reconstructed. A location when read out will read as: 
0000 0000 xxxx where xxxx is the XOR of the three 
nibbles. In addition, all memory locations starting at 
040h and above are protected against programming. It 
is still possible to program locations 000h through O3Fh, 
the TEST EPROM (ID locations), and the configuration 
fuses. However, performing a verify (see Section 3.1) 
with activated code protection logic puts a 4-bit wide 
“checksum” out on PORTA while the 8-bits of PORTB 
are read as “Os”. This “checksum” is computed in the 
following way: | 


The four high order bits of an instruction word are “XOR- 
ed” with the four middle and the four low order bits, and 
the result is transferred to PORTA. Allmemory locations 
including the configuration and TEST EPROM are af- 
fected (see Notes 1 and 2). 


This data scrambling scheme makes it impossible to 


reconstruct the program stored in the EPROM. How- 
ever, a verify generates an unique sequence of 
“checksums” on PORTA which allows a program iden- 
tification for the authorized user. : 


? Erased (apply HIGH Level to I/O pin during program). 
Written (blown) (apply LOW Level to I/O pin during program). 





The upper-eight bits of the configuration EPROM are 
read as “Os” if the code protection bit is blown. Thus, the 
“checksum” will be identical to actual settings of the four 
configuration EPROM fuses. 


A user may wantto store an identification code (ID) inthe 
TEST EPROM and still to be able to read this code after 
the code protection bit was blown. This is possible if the 
ID code is only four bits long per memory location, is 
located on a nibble boundary of the 12-bit word, and the 
remaining eight bits are all “Os”. 
Example: The Customer ID code “D1E2h” should be 
stored in the TEST EPROM locations 200-203 like this: 

200: 0000 0000 1101 

201: 0000 0000 0001 

202: 0000 0000 1110 

203: 0000 0000 0010 


Reading these four memory locations with the code 
protection bit blown would still output on Port A the bit 
sequence “1101”, “0001”, “1110”, “0010” which is 
“D1E2h”. 


2.7.1 , 
F E PR Th 

In acode protected part, these locations will program but 
will read back scrambied data. Therefore to program 
these locations correctly, the programmer must pro- 
gram one nibble at a time and verify the result. Remem- 
ber that the scrambied data read out is: 


0000 =—0000-—xxxx 
where xxxx is the XOR of the three nibbles. 


A STREETS I TRE OO I PO TES WISTS ITT SE TS BAER SAE AT TEP ES NT I ES ST EELS ESE A PTE A fo PS UE SPP SA ES 
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2.8 Embedding Configuration Fuse and ID Information in the Hex File 





RE 


Sara Sear RASS xa ASE 
oes FET IY 
vee 


ARRAS ERR SERRE RS SENER 
BSCHOCG iT Se ey 
f % 
SINS Sa ‘ei SAS : 8 
ns : ; 


eS 
SS 


Ss8 
: SS 
$ ¢ 
S 
SE ET 
SS BS 





3.0 PROGRAM/VERIFY MODE ELECTRICAL CHARACTERISTICS 
3.1 _DC Program Characteristics 


TABLE 4 - DC CHARACTERISTICS (TA = +25°C) 


SES 

























programming 


Supply Current (from Vob) toe 
Supply Voltage during VDDV Vop min 
verify 

Voltage on MCLR to stay in wan 
Program/Verify Modes 

Voltage on MCLR during VHH2 
programming 

Supply current from programming 

voltage source 


Current into MCLR pin during 

Programming (RTCC = 0) 

Input Low Voltage 0.15 VpD 
Input High Voltage 0.85 Vop 
Note 1: Device must be verified at minimum and maximum specified operating voltages. 

Note 2: The programming voltage source (connected to MCLR pin) should have a minimum of 5Q impedance. 


a I TE 
" ae 
Vopb = 5.0 V, Fosc1 = 5 MHz, 


VDD max 


booed 


V 


seusniotstiongentnd 











VHH = 13.5 V, Vob = 6.0 V 





4.75 


V 
V 


ERDBEGRDR 





PP EEG ECF SRT A AEE ESA a Sa EO ES A Ty PEE Ey PoP 7 Mt a RE TS SNE EAP EEE 7 SS PSP OEE FPF SR PSA AR ID 
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3.2 A Progr m_and Test M haracteristi 





TABLE 5 - AC CHARACTERISTICS (TA = +10°C to +40°C, Vop = 5.0 V) 




















Characteristics 


MCLR Rise Time 


Programming Pulse Width | tw | 100 | 
Programming Pulse Width ptr | ar Configuration Fuses Only 
Frequency on OSC1 | rose | oc | | ss | 


iaarrarm |» [= |e] > |» [mm 
reommvesesastoe| m | 1 | ||» 
ee a 
fomsowime fm | | | | 
forme fm | | |» | 
omecmnine [me | | [mls 
fomsonewnm |e |e | || 

| Programming Pulse Wieth | 100 | 1000 Standard and TEST EPROM 
Programming Pulse Wet 

[Pecovey Tene 

[FreaueneyonOSCt 


| Me For Incrementing of the PC 


Pt RE SP Ef EB aS SE SE SPCR a SOSA A EAST RO EO a PS 7 POT SF DP EP EP SS RON STORED 
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3.3 Timing Diagrams 


FIGURE 3.3.1 - PROGRAMMING AND VERIFY TIMING WAVEFORM 


{ i 
Tes re TRwe TRO 


‘ t 
DATA IN DATA OUT DATA OUT DATA IN DATA OUT DATA OUT 
(FUSE) (FUSE) (FUSE) (LOC 000h) (LOC 000h) (LOC 000h) 


PC FFF 000 SSK OT 
( 


ry 
(INTERNAL) (PC POINTING TO FUSE) 





FIGURE 3.3.2 - SPEED VERIFY TIMING WAVEFORM 


RTCC _f | i I I 


| 
a, TT a a a. eS Lae Oey mee amas 
DATA OUT DATA OUT DATA OUT DATA OUT DATA OUT 


| (FUSE) | | (000h) | | (OO1h) | | (002h) |! | (003h) | 
DATA | 
(RB7:0, 
RA3:0) 


(INTERNAL) 





pear tym PSAP A PRR AF oS st PS SPE SD ASU PR PTR SES a EP FC a RS PP PPP So FS SA SS ES ISSO 
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4.0 CHECKSUM COMPUTATION 


4.1 Checksum 


Read PIC16C5X memory and compute a checksum by 
simply adding up all memory locations from 000h to the 
maximum user address (e.g., 1FFh for the PIC16C54/ 
C55). Checksum computation should not include the 
TEST EPROM and ID locations. The addition takes 
place “byte-wide”. Thatis, the low byte of a 12-bit wide 
memory location is added to the high byte (with the 
upper four bits always “O”). Any carry bits exceeding 16- 
bits are neglected. 


The configuration fuses must be included in the calcula- 
tion using the following format: | 


XXXX XXXX CWOO 
x 1 if device is not protected 

0 if device is code protected 
Code protection bit 
Watchdog timer fuse 


os 0 x 


Oscillator selection fuse 


Note that the TEST EPROM and ID locations must 
not be included in the calculation. 


The value of “x” is automatically determined by the 
PIC 16C5X device depending on the code protection bit. 


Two “checksum” functions must be available: 
A. Compute checksum and display only. 
B. Compute checksum and program into PIC16C5X’s 


Customer ID locations. If the checksum is, for — 


example, “1234h”, the ID locations have to be 


programmed: 
IDO = 00th 
IDi = 002h 
ID2 = 003h 
ID3 = 004h 





5.0 PIC16C5X HEX DATA FORMATS 


Assemblers for the PIC16C5X can produce PIC16C5X 
object files in various formats. A PIC16C5X program- 
mer must be able to accept and send data in at least one 
of following formats. The 8-bit merged (INHX8M) format 
is preferred. | 


5.1 8-Bit Split Intellec Hex Format (INHX8S) 


This format will be output by the assembler if the INHX8S 
option is used with the LIST F directive or with the ‘f' 
option on the command line. 


This format produces two 8-bit Hex files. One file will 
contain the address/data pairs for the high order 8-bits 
and the other file will contain the low order 8-bits. File 
extensions for the object code will be '.obl' and '.obh' for 
low and high order files respectively. 


Example: 

<filename>. OBL: 
:0A00000000000000000000000000F6 
:0A00000000000000000000000000F6 

:10001 90000284068A8E8C82868A989EA28086ABFAA 
:10002900E0E82868BFE8C8080808034303E8E8FFDO 
:03003900FFFF19AD 

700000001 FF 


Example: 

<filename>. OBH: 
:0A00000000000000000000000000F6 
:OA00000000000000000000000000F6 
:1000190000000000000000010101010102020202CA 
:100029000202030303030304040404050607070883 
:0300390008080AAA 

:00000001 FF 


5.2 8-Bit Merged Intellec Hex Format 
(INHX8M) 


This format will be output by the assembler if the INHX8M 
option is used with the LIST F directive or with the ‘f 
option on the command line. 


This format produces one 8-bit Hex file with a low byte/ 
high byte combination. Since each address can only 
contain 8 bits in this format, all addresses will be doubled. 
File extensions for the object code will be '.obj’. 


This format is useful for transferring PIC16C5X series 
object code to third party EPROM programmers. 
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Example: 

:0400100000000000EC 
:1000000000000000000000000000000000000000F0 
:0400100000000000EC 
:100032000000280040006800A800E800C80028016D 
:100042006801 A901 8901EA01280208026A02BF02C5 
:10005200E002E80228036803BF03E803C8030804B8 
:1000620008040804030443050306E807E807FF0839 
:06007200FFO8FF08190A57 

700000001 FF 


5.3 16-Bit Hex Format 


This format will be output by the assembler if the INHX16 
option is used with the "LIST F" directive or with the ‘f' 
option on the command line. 


This format produces one 16-bit Hex file. File extension 
for the object code will be '.obj'. 


This format is particularly useful to send PIC16C5X 
Series object code to Microchip's proprietary PICPRO™ 
EPROM programmer. 


Example: 

:0200080000000000F6 
:0800000000000000000000000000000000000000F8 
:0200080000000000F6 
:08001900000000280040006800A800E800C801288E 
:08002100016801A9018901 EA02280208026A02BFEE 
:0800290002E002E80328036803BF03E803C80408E9 
:080031000408040804030543060307E807E808FF72 
:0300390008FFO8FF0A1993 

:00000001 FF 


5.4 8-Bit Word Format 


Each datarecord begins with a nine character prefix and 
ends with a two character checksum. Each record has 
the following format: 


‘-BBAAAATTHHHH....HHHCC 
Where: 


BB Two-digit hexadecimal byte count representing 
the number of data words that will appear on the 
line. : 


AAAA Four-digit hexadecimal address representing 
the starting address for the data record. 


4 


Two-digit record type that will always be ‘00' 
except for the end-of-file record which is set to 
‘Ot. 

HH Two-digit hexadecimal data word. 


PIC16C5X Programming Specification 


CC Two-digit hexadecimal checksum that is the 
two's compliment of the sum of all preceding 
bytes in the record including the prefix. 


5.5 16-Bit Word Format 


The 16-bit word format is basicallytthe same as the 8-bit 
word format. The only difference is that the hexadecimal 
data word is extended to four digits. 


‘-BBAAAATTHHHHHHHH....HHHHCC 
Where: 


BB Two-digit hexadecimal byte count representing 
the number of data words that will appear on the 
line. MPALC is limiting "BB" to "08" (Hex) to be 
compatible with PICPRO. — 


AAAA Four-digit hexadecimal address representing 
the starting address for the data record. 


TT Two-digit record type that will always be "00" 
except for the end-of-file record which is set to 
"01 ge 


HHHH Four-digit hexadecimal data word. For the 
PIC16C5xX, the first Hex digit is always "O". 


cc  Two-digit hexadecimal checksum that is the 
two's compliment of the sum of all preceding 
bytes in the record includingthe prefix. Note that 
the four digit data word is treated as two bytes. 


The format of each record (line) in the file is as follows: 
{3,F}<count><symbol><value><marking>...<checksum> 
Where: 


The first digit is always '3' except for the last line 
which is 'F'. <count> is the number of symbols in 
the record (one digit). 


<symbol> is the name of the symbol (six digits). 


<value> is the hexadecimal value of the symbol 
(three digits). <marking> is a one character mark- 
ing based on the symbols use: 


F = file 

K = literal 

L = label 

B = bit 

U = unused 


<checksum> is the hexadecimal checksum (three 
digits). 
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PROGRAMMING THE PIC16C6X/7X 


The PIC16C6X/7X can be programmed using one of two 
methods, serial or parallel. In serial mode the PIC16C6X/7X 
can be programmed while in the users system. This 
allows for increased design flexability. The parallel 
mode will provide faster programming as the data is 
loaded into the PIC16C6X/7X with a greater throughput. 
Either mode may be selected at the start of the program- 
ming process. 


Hardware Requirements 


The PIC16C6X/7X requires two programmable power 
supplies, one for VoD (2.0V to 6.5V recommended) and 
one for VpP (12V to 14V). Both supplies should have a 
minimum resolution of 0.25V. 


Programming Mode 


The programming mode for the PIC16C6X/7X allows 
programming of user program memory, special loca- 
tions used for ID (PIC16C71 only), and the configuration 
fuses for the PIC16C6X/7X. 


1.0 PROGRAM MODE ENTRY 


1.1 User Program Memory Map 


The user memory space extends from 0000h to 1FFFh 
(8K). Table 1-2 shows actual implementation of pro- 
gram memory in the PIC16C6X/7X family. 


TABLE 1-2: IMPLEMENTATION OF 
PROGRAM MEMORY IN THE 
PIC16C6X/7X FAMILY 


Device | Actual Implementation Access to 

of Program Memory | Program Memory 
16C64 | 0000h - O7FFh (2K) PC<10:0> 
16C71 | O000h - O3FFh (1K) PC<9:0> 


When the PC reaches the last location of the imple- 
mented program memory, it will wrap around and ad- 
dress a location within the physically implemented 
memory (see Figure 1-1). 
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In programming mode the program memory space ex- 
tends from 0000h to 3FFFh, with the first half (OO0Oh- 
1FFFh) being user program memory and the second 
half (2000h-3FFFh) being configuration memory. The 
PC will increment from O000h to 1FFFh to 2000h to 
3FFFh and wrap around to 2000h (not to 0O000h). Once 
in configuration memory, the highest bit of the PC stays 
a '1', thus always pointing to the configuration memory. 
The only way to point to user program memory is to reset 
the part and reenter program/verify mode (TMOD1), as 
described in Section 1.2. 


In the configuration memory space, 2000h-207Fh or 
2000h-20FFh are utilized. When in configuration 
memory, as in the user memory, the 2000h-2xFFh 
segment is repeatedly accessed as PC exceeds 2xFFh 
(see Figure 1-1). 


FIGURE A - PIN CONFIGURATION 


PDIP, CERDIP Window 


MCLR/Vee —*L1 1 


|] <#- RD7/ PSP7 
|] «> RDG/PSP6 
[] <-—s RD5/PSP5 
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OSC1/CLKIN —&{q 43 


OSC2/CLKOUT <«—L] 14 
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RC1/T1CKO <> LJ 16 
RC2/CCP1 <> (1) 17 

|] + RC4/SDI/SDA 
RDO/PSP0 <—» [7] 19 


RD1/PSP1 <-> [] 20 }) + RD2/PSP2 
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FIGURE 1-1: PROGRAM MEMORY MAPPING 


PIC16C64 PIC16C71 


ID Location Implemented Implemented 
ID Location Implemented Accesses 0 - 3FF 
In PIC16C71 
Only ; 
ID Location Accesses 0 - 3FF Accesses 0 - 3FF 
ID Location Accesses 400 - 7FFh Accesses 0 - 3FF 
Reserved Accesses 0 - 3FF Accesses 0 - 3FF | 


Reserved Accesses 400 - 7FF Accesses 0 - 3FF 
Reserved | Accesses 0 - 3FF Accesses 0 - 3FF 


Fuses Accesses 400 - 7FFh Accesses 0 - 3FF _ 


implemented 
- - - Implemented - - - - 
Non-implemented 


Non-implemented Non-implemented 


Non-implemented Accesses 2000 - 23FF 
Accesses 2000 - 23FF | Accesses 2000 - 23FF 
Accesses 2400 - 27FF | Accesses 2000 - 23FF 
Accesses 2000 - 23FF | Accesses 2000 - 23FF 


Accesses 2400 - 27FF | Accesses 2000 - 23FF 


nN nN 


Accesses 2000 - 23FF | Accesses 2000 - 23FF 


Accesses 2400 - 27FF | Accesses 2000 - 23FF 
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1.2 Program/Verify Mode 


The program/verify mode is entered by holding pins RB6 
and RB7 low while raising MCLR pin from Vil to ViHH 
(high voltage). Once in this mode the user program 
memory and the configuration memory can be accessed 
and programmed in either a serial or parallel fashion. 
The initial mode of operation is serial, and the memory 
that is accessed is the user program memory. RB6isa 
Schmitt trigger input in this mode. 





The sequence that enters the device into the program- 
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at VIL). This means that 
all I/O are in the reset state (High impedance inputs). 


1.2.1 SERIAL PROGRAM/VERIFY OPERATION 


The RB6 pin is used as a clock input pin, and the RB7 pin 
is used for entering command bits and data input/output 
during serial operation. To input a command, the clock 
pin (RB6) is cycled six times. Each command bit is 
latched on the falling edge of the clock with the least 
significant bit (Isb) of the command being input first. The 
data on pin RB7 is required to have a minimum setup and 
hold time (see AC/DC specs) with respect to the falling 
edge of the clock. Commands that have data associated 
with them (read and load) are specified to have a 
minimum delay of us between the command and the 


data. After this delay the clock pin is cycled 16 times with 
the first cycle being a start bit and the last cycle being a 
stop bit. Data is also input and output Isb first. Therefore, 
during a read operation the Isb will be transmitted onto 
pin RB7 on the rising edge of the second cycle, and 
during a load operation the Isb will be latched on the 
falling edge of the second cycle. A minimum us delay is 
also specified between consecutive commands. 


All commands are transmitted Isb first. Data words are 
also transmitted Isb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, a time separation of at least 1us is 
required between a command and a data word (or 
another command). 


The commands that are available are: 
1.2.1.1 Loa nfiquration 


After receiving this command, the program counter (PC) 
will be set to 2000 hex. By then applying 16 cycles to the 
Clock pin, the chip will load 14-bits in as the “data word”, 
as described above, to be programmed into the configu- 
ration memory. A description of the memory mapping 
schemes for normal operation and configuration mode 
operation is shown in Figure 1-1. After the configuration 
memory is entered, the only way to get back to the user 
program memory is to exit the program/verify test mode 
by taking MCLR low (Vil). 


TABLE 1-3: COMMAND MAPPING (SERIAL OPERATION) 


Mapping (meb..isb)[—~S~S~t ata 


0, data(14), 0 
O, data(14), 0 
0, data(14), 0 


Load Configuration 
Load Data 

Read Data 
increment Address 
Begin programming 
Enter Parallel Mode 
End Programming 
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FIGURE 1-2: PROGRAM FLOW CHART - PIC16C6X/7X PROGRAM MEMORY 
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FIGURE 1-3: PROGRAM FLOW CHART - PIC16C6X/7X CONFIGURATION MEMORY 
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* See Figure 1-2 for Program Cycle. 
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1.2.1.2 Load Data 
After receiving this command, the chip will load in 14-bits 
as a “data word” when 16 cycles are applied, as de- 
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the second rising edge of the clock input. The RB7 pin 
will go into output mode on the second rising clock edge, 
and it will revert back to input mode (hi-impedence) after 


the 16th rising edge. A timing diagram of this command 


scribed previously. A timing diagram for the load data 
is shown in Figure 1-5. 


command is shown in Figure 1-4. 


1.2.1.3 Rea | 1.2.1.4 Increment Addre 


The PC is incremented when this command is received. 


After receiving this command, the chip will transmit data ee 
A timing diagram of this command is shown in Figure 1-6.: 


bits out of the memory currently accessed starting with 


FIGURE 1-4: LOAD DATA COMMAND (SERIAL PROGRAM/VERIFY) 


tset1 <>! ; 
ae thid1 
| ne nena | 
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1.2.1.5 Begin Programming 

A load command (load configuration or load data) must 
be given before every begin programming command. 
Programming of the appropriate memory (test program 
memory or user program memory) will begin after this 
command is received and decoded. Programming 
should be performed with a series of 100us program- 
ming pulses. A programming pulse is defined as the 
time between the begin programming command and the 
end programming command. 


1.2.1.6 Enter Parallel Mode 

After receiving this command, the chip will accept com- 
mands and supply data in a parallel fashion. After 
parallel mode has been entered, serial operation can 
only be achieved by fully exiting the program/verify 
mode and re-entering. See Figure 1-8 for details. 


1.2.1.7 End Programmin 

After receiving this command, the chip stops program- 
ming the memory (configuration program memory or 
user program memory) that it was programming at the 
time. 


1.2.2 PARALLEL OPERATING 


After receiving the command ‘Enter Parallel Mode’, the 
circuitry will function in a parallel fashion. The function 
of pins RB6 and RB7 change during parallel operation, 
and it is also necessary to control several more pins to 
achieve the desired results. Since the memories in this 
device are 14 bits wide and there are only 12 I/O pins, it 
is necessary to transfer data into and out of the chip in 
two data words. These high and low data words are 
selected based upon the value of pin RB6 (RB6 = ‘1’: 
high data word). In parallel mode, both the high and low 
segments of data input/output are 10-bit wide, making it 
possible to handle up to 20-bit data words. The need for 
20-bit capability is because future versions of PIC16C6X/7X 
may need to read/program data words larger than 14-bit. 


For each 10-bit data-segment (high or low), RBO is the 
Isb and RAG is the msb. In PIC16C6X/7X, the lower 14 
bits of the total 20-bit word is actually used. The upper 
six bits are don't care (see Figure 1-7). The pin RB7 also 
has a new function in parallel operation and that is to 
indicate whether a command is being input or data is 
being transferred (RB7 = ‘1’ - data transfer). Commands 
are input on pins RB<3:1> with the Isb applied to pin 
RB1. The clock pin during parallel operation is the RT 
pin. Data is again transmitted on the rising edge and 
latched on the falling edge of the clock. A minimum 
setup and hold time of 100ns with respect to the falling 
edge of the clock is again required. When entering a 
command RB7 must be held low for a minimum of 100ns 
after the falling edge of the clock. 

The commands which are available during parallel op- 
eration are shown in Table 1-3. 





A very important point to note in "parallel program/verify" 
operation is the function of the DATA/COMMAND pin 
(RB7). RB7 = 0 during RT pin pulsing indicates a 
command input, whereas RB7 = 1 indicates a data input. 
After every command, the RB7 pin must go high (for 
>100ns) to initiate execution of that command. This is 
necessary even if back to back commands are being 
executed without any data word in between. 


TABLE 1-3: COMMAND MAPPING 
(PARALLEL OPERATION) 


Command Mapping 
RB<3:1> 
Load Configuration 

Load Data 


Read Data 


Increment Address 

Begin Programming 

Enter Program-Compare Mode 
End Programming 


1.2.2.1 Load Configuration 

After receiving this command, the program counter (PC) 
will be set to 2000h pointing to the first location in the 
configuration memory. By then setting pin RB7 high and 
pin RB6 high, the upper 4 bits of the complete data word 
will be latched in on the falling edge of the RT pin. Setting 
pin RB6 low allows the lower 10-bits to be latched in, and 
then the entire data word can be programmed into the 
configuration memory. 


Note: The data must be loaded high byte first and then 
low byte. 


A description of the memory mapping schemes for 
normal operation and programming mode operation is 
shown in Figure 1-1. After the configuration memory is 
entered, the only way to get back to the user program 
memory is by exiting the program/verify mode. 


1.2.2.2 Load Data 

After receiving this command, the RB7 pin is set high, 
and the data can then be latched into the chip. A timing 
diagram for the load data command is shown in Figure 
1-8. 


1.2.2.3 Read Data 


After receiving this command, the chip will transmit data 
bits out of the memory currently accessed on the second 
rising edge of the clock input after pin RB7 has been set 
high. When the clock is taken high for the second time 
after RB7 is set high, the clock must remain high until all 
of the data has been read out. The high or low data 
words can be accessed while the clock is high by setting 
RB6 high or low, respectively. The pins RA<3:0>, and 
RB<5:0> go into output mode on the second rising clock 
edge, and they will revert back to input mode (hi- 
impedence) when the clock is set low. A timing diagram 
of this command is shown in Figure 1-9. 
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| 1.2.2.4 Increment Address 


The PCis incremented when this command is received. 


1.2.2.5 Begin Programming 

A load command (load configuration or load data) must 
be given before every begin programming command. 
Programming of the appropriate memory (configuration 
memory or user program memory) will begin after this 
command is received and decoded. The programming 
pulse is defined by RB7, and RB7 must remain high for 
the duration of the programming pulse time. 


1.2.2.6 Enter Program-Compare Mode 


After receiving this command, the data that has been 
latched into the shift register by a load command can be 
alternatively programmed into the memory and com- 
pared to the contents of the memory location currently 
accessed by pulsing the RT pin high. When in this mode, 


FIGURE 1-7: DATA IN/OUT FORMAT 


RA3 RAO:RBS 





the RT pin ceases to act as aclock. A single bit compare 
outputis provided to indicate whether the data has been 
successfully programmed into the memory (‘1’ - suc- 
cessful), and this value is.output on pin OSC2. The 
comparison bit is transmitted on the rising edge and 


latched on the falling edge of every other RT pulse 


starting with the second RT pulse. In order to exit this 
mode, it is necessary to pulse the OSC1 pin high, and 
this also increments the program counter. It is required 
to have a 1us delay time before another command is 
entered to allow the high voltages time to decay. A 
timing diagram of this command is shown in Figure 1-10. 
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FIGURE 1-9: READ DATA COMMAND (PARALLEL PROGRAM/VERIFY) 
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1.4 AC/DC Timing Requirements for Program/Verify Mode 






AC/DC CH ARACTERISTICS, . Standard Operating Conditions | 
| Operating temperature +10°C < TA< +40°C, unless otherwise stated 
COME Uren are Operating voltage _ 4.5V < VoD < 5.5V, unless otherwise stated 
























| ___——Characteristic == | Sym | Min | Typ | Max |Units| Conditions _| 
Semyamgramgregemig —| wor |r [so [ses [|v | 
Supply voltage during programming VbpP 4.75 

[Supply voltage during verity _—==—=—=SS—=«| Wopv | Voomin.| | Voomax | V 
Supply current (from Vob) 20 

faungoeganmng | a 
| Programming supply current (from VeP) | Ipp_ | S| CL Sees al 
|Voltageon MCLR during programming | Winn | 12.5 | | 135 | VT 
VinH2 | Voo+4.0] | 13.5 | 

MCLR rise time (Vss to VHH) tVHHR 1.0 

for test mode entry 


(RB6, RB7) input high level Schmitt trigger input 
RB6, RB7) input iow ievei | Vit | 0.2 VoD | Schmitt trigger input 


RB<7:2> setup time before MCLRT tsetO cn 
test mode selection pattern setup time 


RB<7:2> hold time after MCLRT thido | 2 
(test mode selection pattern hold time) 
Serial Program/Verify 








Data in setup time before clock! 
Data in hold time after clock thid1 


Data input not driven to next clock input 
(delay required between command/data or 
command/command) 

Delay between clock to clockT of next 
command or data 









fat} Uy TE 


tdly2 
ClockT to date out valid (during read data) | tdly3 
Parallel Program/Veri 


[Data in hold time afterclock) | thid3_ | 100 
| RB6 and RB7 setup time before clock! _| tseti_| 500 


RB7 (data/command select input) tset2 
setup before RT (clock)T 





| 100 | 
| 100 
nd 
| 100 


W 


hold time after RT (clock)L. 
| RB6 (hi/lo select) valid to data out valid | tdly6 


| 100 
Programming pulse width Time delay from | tprog ee 


ele] #| arma] ae eee] el ai sill ais Ue 


program to compare (HV discharge time) tdis 


RTT to OSC2 out (compare output) valid tdly7 


ape 





Note 1: Program must be verified at the minimum and maximum Vbb limits for the part. 
Note 2: ViHH must be greater than Vpp + 4.5V to stay in programming/verify mode. 
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2.0 CONFIGURATION FUSES 


The PIC16C6X/7X has seven configuration fuses, which 
are EPROM bits. These fuses can be programmed 
(reads 'O') or left unprogrammed (reads '1') to select 
various device configurations. 





2.1 m i iguration F nd ID Information in the Hex Fil 





FIGURE 2.0.1 - CONFIGURATION WORD 







bitO 


12 7 6 5 
|__| __ feet |cro} pwrre| wore} Fosci} Fosco} Addr: 2o07m 


OS lection fuses: 
FOSC1, FOSCO: 


00: LP oscillator 
01: XT oscillator 
10: HS oscillator 
11: RC oscillator 















WDT enable fuses: 
WDTE = 1: WDT enabled 


WDTE = 0: WDT disabled 












Power-up timer enable fuse: 
PWRTE = 1 power-up time enabled 


PWRTE = 0 power-up timer disabled 







Code protect 


[beies [ort [oro 

PICI6C6X/7X| 0 | 0 | 
Eze 
Pigee 4 

ee 

PIC16C71 Lao: | 

Reserved - write as '1' for PIC16C71. 

- write as '0' for PIC16C6X/7X. 










Code Protection 
All memory protected 
pper 3/4 memory protected 


U 
Upper 1/2 memory protected 










—_— 











Unimplemented. Read as '1's . 
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2.2 Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuse (CP). 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 0040h and above are protected 
against programming. 


In the PIC16C71 it is still possible to program locations 
0000 - 003F, the ID locations and the configuration 
fuses. 


2.2.1 PROGRAMMING LOCATIONS 0000H TO 
003FH AFTER CODE PROTECTION 


These locations can be programmed but will read back 
scrambled data. To successfully program these loca- 
tions the programmer must program the high and low 7- 
bits separately: 


1. First program 11 1111 ibbb bbbb into the iocation 
and verify for 00 0000 Obbb bbbb. 


2. Next program bb bbbb b111 1111 into the location 
and verify for 00 0000 Oxxx xxxx, where XXXXxXxxx is 
XNOR of the high 7 bits and the low 7 bits. 


2.2.2 VERIFYING A CODE- PROTECTED 
PIC16C6X/7X 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
"“OOO00OOXxxxxxxx" (binary) where X is 1 or O. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 
protecting it. 


b. Next, blow its code protection fuse and then load its 
contents in a file. 


c. Verify any code- ee PIC16C6X/7X against this 
file. 


2.3 ID Locations (PIC16C71 Only): 


Four memory locations (2000h - 2003h) are designated 
as ID locations where the user can store checksum or 
other code - identification numbers. These locations are 
not accessible during normal execution but are readable 
and writable during program/verify. 


Itis recommended that the user use only the lower 7-bits 
of the ID locations and always program the upper 7-bits 
as ‘1's. 


PIC16C6X/7X Programming Specification 


3.0 PROGRAMMING ALGORITHM 
REQUIRES VARIABLE Vpp 


The PIC16C6X/7X uses an intelligent algorithm. The 
algorithm calls for program verification at Vop (min.) as 
well as VoD (max.). Verification at Vop (min.) guaran- 
tees good “erase margin". Verification at VoD (max) 
guarantees good “program margin". | 


The actual programming must be done with Vo0 i in he 


VppP range (4. 75 - 5. oN 


VopoP = VCC range required during programming. 
Vpp min. = minimum operating Vop spec for the part. 
VpD max. = maximum operating VoD spec for the part. 


Programmers must verify the PIC16C6X/7X at its speci- 
fied VDD max. and Vop min. levels. Since Microchip may 
introduce future versions of the PIC16C6X/7X with a 
broader Vpp range, it is best that these levels are user 
selectable (defaults are ok). Any programmer not 
meeting these requirements may only be classified 
as "prototype" or "development" programmer but 
not a "production" quality programmer. 
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PROGRAMMING THE PIC16C84 


The PIC16C84 is programmed using one of two meth- 
ods, serial or parallel. The serial mode will allow the 
PIC16C84 to be programmed while in the users system. 
This allows for increased design flexability. The parallel! 
mode will provide faster programming as the data is 
loaded into the PIC16C84 with a greater throughput. 
Either mode may be selected at the start of the program- 
ming process. 


Hardware Requirements 


The PIC16C84 requires two programmable power sup- 
plies, one for VoD (4.5V to 5.5V) and one for VPP (12V to 
14V). Both supplies should have a minimum resolution 
of 0.25V. 


Programming Mode 


The programming mode for the PIC16C84 allows pro- 
gramming of user program memory, data memory, 
special locations used for|D, and the configuration fuses 
for the PIC16C84. 


1.0 PROGRAM MODE ENTRY 
TABLE 1.0 - TEST MODE SELECTION 


[Mode | Funton 
TMOD1 Program/verify 


1.1 User Program Memory Map 


The user memory space extends from 0000h to 1FFFh 
(8K), of which 1K (O000h - O3FFh) is physically imple- 
mented. In actual implementation the on-chip user 
program memory is accessed by the lower 10-bits of the 
PC, with the upper 3-bits of the PC ignored. Therefore 
if the PC is greater than 3FFh, it will wrap around and 
address a location within the physically implemented 
memory. (See Figure 1.1.1). 









RB7 RB6 RB5 RB4 





In programming mode the program memory space ex- 
tends from 0000h to 3FFFh, with the first half (OOO0Oh- 
1FFFh) being user program memory and the second 
half (2000h-3FFFh) being configuration memory. The 
PC will increment from O000h to 1FFFh to 2000h to 
3FFFh and wrap around to 2000h (not to 0000h). Once 
in configuration memory, the highest bit of the PC stays 
a'1', thus always pointing to the configuration memory. 
The only way to point to user program memory is to reset 
the part and reenter program/verify mode (TMOD1) as 
described in Section 1.2. 





FIGURE A - PIN CONFIGURATION 


PDIP, SOIC 


RA1 =P 
RAO —_P 
OSCI/CLKIN ~<# 
OSC2/CLKOUT — > 
Vpo 
RB7 
RB6 
RB5 
RB4 


= 
Qo 
exo, 
o 
Oo 
oO 
e 


In the configuration memory space, 2000h-200Fh are 
physically implemented. Locations beyond 200Fh will 
physically access user memory. (See figure 1.1.1). 


1.2 TMOD1: Program/Verify Mode 


The program/verify mode is entered by holding pins RB6 
and RB7 low while raising MCLR pin from Vil to ViHH 
(high voltage). RB5 and RB4 pins are don't care. Once 
in this mode the user program memory and the configu- 
ration memory can be accessed and programmed in 
either a serial or parallel fashion. The initial mode of 
operation is serial, and the memory that is accessed is 
the user program memory. RB6 and RB7 are schmitt 
trigger inputs in this mode. 

The sequence that enters the device into the program- 
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at ViL). This means that 
all 1/O are in the reset state (High impedance inputs). 


1.2.1 SERIAL PROGRAM/VERIEY OPERATION 


The RB6 pin is used as a clock input pin, and the RB7 pin 
is used for entering command bits and data input/output 
during serial operation. To input a command, the clock 
pin (RB6) is cycled six times. Each command bit is 
latched on the falling edge of the clock with the least 
significant bit (Isb) of the command being input first. The 
data on pin RB7 is required to have a minimum setup and 
hold time (see AC/DC specifications) with respect to the 
falling edge of the clock. Commands that have data 
associated with them (read and load) are specified to 
have a minimum delay of us between the command and 
the data. After this delay, the clock pin is cycled 16 times 
with the first cycle being a start bit and the last cycle 
being a stop bit. Data is also input and output Isb first. 
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FIGURE 1.1.1 - PROGRAM MEMORY MAPPING 


TABLE 1.2.1.1 - COMMAND MAPPING (SERIAL OPERATION) 


[Command ———*YMapping (ab ab 


Load Configuration 

Load Data for Program Memory 
Read Data from Program Memory 
Increment Address 

Begin Programming (Note 1) 
Enter Parallel Mode 

Load Data for Data Memory 

Read Data from Data Memory 





0, data (14), 0 
0, data (14), 0 
0, data (14), O 


0, data (14), 0 
0, data (14), 0 


=a=-—-O00000 





Notes: 1. Programming is self-timed, hence no end programming command. 
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FIGURE 1.2.1.1 - PROGRAM FLOW CHART - PIC16C84 PROGRAM MEMORY 


Program Cycle 


Read Data ee 
“Com nd 


Data Correct? 


increment Address 
Command _ 


Data eaten: 


* Voop Vop range for programming (typically 4.5V - 5.5V) 


VopD min. Minimum Vop for device operation. 
VpD max. Maximum Vop for device operation. 


Therefore, during a read operation the Isb will be trans- 
mitted onto pin RB7 on the rising edge of the second 
cycle, and during a load operation the Isb will be latched 
on the falling edge of the second cycle. A minimum 1us 
delay is also specified between consecutive commands. 


All commands are transmitted Isb first. Data words are 
also transmitted Isb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, a time separation of at least us is 
required between a command and a data word (or 
another commana). 


Report Programming #@ 
Failure e 


Program Cycle 


Load Data a 
Command 2 





Begin Programming Fe 
_ Command 





Report Verify @ 
yep Mae Error 





The commands that are available are: 


1.2.1.1 Load Configuration 


After receiving this command, the program counter (PC) 
will be set to 2000 hex. By then applying 16 cycles to the 
clock pin, the chip will load 14-bits in as the “data word”, 
as described above, to be programmed into the configu- 
ration memory. A description of the memory mapping 
schemes of the program memory for normal operation 
and configuration mode operation is shown in figure 1.0. 
After the configuration memory is entered, the only way 
to get back to the user program memory is to exit the 
program/verify test mode by taking MCLR low (Vil). 





1.2.1.2 Load Data for Program Memory 

After receiving this command, the chip will load in 14-bits 
as a “data word” when 16 cycles are applied, as de- 
scribed previously. A timing diagram for the load data 
command is shown in Figure 1.2.1.3. 
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FIGURE 1.2.1.2 - PROGRAM FLOW CHART - PIC16C84 CONFIGURATION MEMORY 


Load Configuration | 
ommand 


Yes 


1.2.1.3 Load Data for Data Memory 

After receiving this command, the chip willload in 14-bits 
as a “data word" when 16 cycles are applied. However, 
the data memory is only 8-bits wide, and thus only the 
first 8-bits of data after the start bit will be programmed 
into the data memory. It is still necessary to cycle the 
clock the full 16 cycles in order to allow the internal 
circuitry to reset properly. The data memory contains 64 
words. Only the lower 8-bits of the PC are decoded by 
the data memory, and therefore if the PC is greater than 
3Fh, it will wrap around and address a location within the 
physically implemented memory. 


1.2.1.4 Read Data from Program Memory 

After receiving this command, the chip will transmit data 
bits out of the program memory (user or configuration) 
currently accessed starting with the second rising edge 
of the clock input. The RB7 pin will go into output mode 
on the second rising clock edge, and it will revert back to 


Read Data 
Command 


Report Programming? 
Failure 


Program Cycle . Set Vop = Vop max. 
Read Data : 
Data Correct? Command ve 


Yes 


Set Vop = Voo min. 
Read Data Command 





input mode (hi-impedence) after the 16th rising edge. A 
timing diagram of this command is shown in Figure 
1.2.1.4. 


1.2.1.5 Read Data from Data Memory 


After receiving this command, the chip will transmit data 
bits out of the data memory starting with the second 
rising edge of the clock input. The RB7 pin will go into 
output mode on the second rising edge, and it will revert 
back to input mode (hi-impedence) after the 16th rising 
edge. As previously stated, the data memory is 8-bits 
wide, and therefore, only the first 8-bits that are output 
are actual data. 


1.2.1.6 Increment Address 

The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 
1.2.1.5. 
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FIGURE 1.2.1.3 - LOAD DATA FOR PROGRAM MEMORY COMMAND (SERIAL PROGRAM/VERIFY) 


| tdly1 | 
———P} 
tps min.) 


ProgranWVerify Test Mode 


Reset ; 


Program/Verify Test Mode 





FIGURE 1.2.1.5 - INCREMENT ADDRESS COMMAND (SERIAL PROGRAM/VERIFY) 


VIHH - 5 
MCLR / 

















ae Next Command 
— 1 2 3 4 5 i aa, | 2 
ccd Lh Le ee el ed Tee 
(DATA) ! 0 1 1 0 0 0 ,----- \ 9 0 
! nee 1 tdly1 | 
: tsetl <--> thid1 — 
: a oe its min., 
t a ae | ' ‘ 
; 100ns 
| min. 
Bidset Program/Verify Test Mode 


1.2.1.7. Begin Programming 

A load command must be given before every begin 
programming command. Programming of the appropri- 
ate memory (test program memory, user program 
memory or data memory) will begin after this command 
is received and decoded. An internal timing mechanism 
executes an erase before write. The user must allow 
10ms for programming to complete. No “end program- 
ming" command is required. 


1.2.1.8 Enter Parallel M 


After receiving this command, the chip will accept com- 
mands and supply data in a parallel fashion. After 
parallel mode has been entered, serial operation can 
only be achieved by fully exiting the program/verify 
mode and re-entering. See Section 1.2.2 for details. 
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1.2.2 PARALLEL OPERATION 


After receiving the command ‘Enter Parallel Mode’, the 
Circuitry will function in a parallel fashion. The function 
of pins RB6 and RB7 change during parallel operation, 
and it is also necessary to control several more pins to 
achieve the desired results. Since the program memory 
in this device is 14-bits wide and there are only 12 I/O 
pins, it is necessary to transfer data into and out of the 
chip in two data words. These high and low data words 
are selected based upon the value of pin RB6 (RB6 = ‘1’: 
high data word). In parallel mode, both the high and low 
segments of data input/output are 10-bits wide, making 
it possible to handle up to 20-bit data words. The need 
for 20-bit capability is because future versions of 
PIC16C84 may need to read/program data words larger 
than 14-bit. : 


For each 10-bit data-segment (high or low), RBO is the 
Isb and RA3 is the msb. In PIC16C84, the lower 14 bits 
of the total 20-bit word is actually used. The upper-six 
bits are don't care (see Figure 1.2.2.1). The pin RB7 
also has a new function in parallel operation and that is 
to indicate whether a command is being input or data is 
being transferred (RB7 = ‘1’ - data transfer). Commands 
are input on pins RB<3:0> with the Isb applied to pin 
RBO. The clock pin during parallel operation is the RT 
pin. Data is again transmitted on the rising edge and 
latched on the falling edge of the clock. A minimum 
setup and hold time of 100ns with respect to the falling 
edge of the clock is again required. When entering a 
command RB7 must be held low for a minimum of 100ns 
after the falling edge of the clock. The commands which 
are available during parallel operation are shown in 
Table 1.2.2.1. 





TABLE 1.2.2.1 - COMMAND MAPPING 
(PARALLEL OPERATION) 


Mapping 
(RB<3:0>) 









Load Configuration 
Load Data for Program Memory 
Read Data from Program Memory 
Increment Address — _ 
Begin Programming _ 

Read Data from Data Memory 
Load Data from Data Memory 
Bulk Erase Program Memory 

Bulk Erase Data Memory 


PIC16C84 Pro ramming Specification 


1.2.2.1 Load Configuration 


- After receiving this command, the program counter (PC) 
~ will be set to 2000h pointing to the first location in the 


configuration memory. By then setting pin RB7 high and 
pin RB6 high, the upper 4-bits of the complete data word 
will be latched in on the falling edge of the RT pin. Setting 
pin RB6 low allows the lower 10-bits to be latched in, and 
then the entire data word can be programmed into the 
configuration memory. 


Note: The data must be loaded high byte first and then 
low byte. 


A description of the memory mapping schemes for 
normal operation and programming mode operation is 
shown in Figure 1.0. After the configuration memory is 
entered, the only way to get back to the user program 
memory is by exiting the program/verify mode. 


1.2.2.2 Load Data for Program Memory 

After receiving this command, the RB7 pin is set high, 
and the data can then be latched into the chip. A timing 
diagram for the load data command is shown in Figure 
1.2.2.2. 


1.2.2.3 Load Data for Data Memory 

After receiving this command, the RB7 pin is set high, 
and the data can then be latched into the chip. When a 
‘Begin Programming’ command is issued following this 
command, the data will be programmed into the data. 
memory. 


1.2.2.4 Read Data from Program Memory 

After receiving this command, the chip will transmit data 

bits out of the program memory currently accessed (user 

or configuration) on the second rising edge of the clock 

input after pin RB7 has been set high. When the clock 
is taken high for the second time after RB7 is set high, 

the clock must remain high until all of the data has been 

read out. The high or low data words can be accessed 
while the clock is high by setting RB6 high or low, 

respectively. The pins RA<3:0>, and RB<5:0> go into 

output mode on the second rising clock edge, and they 

will revert back to input mode (hi-impedence) when the 

clock is set low. A timing diagram of this command is" 
shown in Figure 1.2.2.3. 


1.2.2.5 Read Data from Data Memory 

After receiving this command, the chip will transmit data 
bits out of the currently accessed data memory location 
in a fashion identical to that of the read command for 
program memory. | 


1.2.2.6 Increment Address 
The PC is incremented when this command is received. 





DS30189C-page 6 


Preliminary 


© 1994 Microchip Technology Incorporated 


PIC16C84 Programming Specification 
FIGURE 1.2.2.1 - DATA IN/OUT FORMAT 


RA3 RAO!RB5 RBO'RA3 RAO RBS 


19 18 17 16:15 14:13 12 1110/9 876543210 


High Low 


rd 


14 bits used in PIC16C84 when reading or 
writing to test or user program memory 


RA3 RAO!RBS RBO!RA3 RAO RBS 


19 18 17 16:15 1413 1211101;9 876543210 
High | Low 


8 bits used in PIC16C84 when 
reading or writing data memory 





FIGURE 1.2.2.2 - LOAD DATA FOR PROGRAM MEMORY COMMAND (PARALLEL PROGRAM/ 
VERIFY) 


' 200nsmin. 1: Next Command 


__. RB6 
(HULO byte eeelatalatatalstatatataleltatstatatnlnlotetatatalotstatnlott state’ 
select 1 


©O ----+--+--+---+ 


RB7 


___(DATA/ , 
COMMAND) SASS4AXAXAXXS ans 
Le» thid2 


HY 


'500ns 
; min. 
command 
XX) 
RB <3:1> KKK ! | YXKRKLY) 
tset3 —«»<->— thid3 
aes ee 
100ns 
min. 


(AXA? 
OY 


OO AAA AAA AA AA AAA AAA AA AY 
SKK KKK XX KEKKXKKIEK 


XKAAKAKAKAAD) 
RD 


tset3 <=> thid3 
eed 


100ns 
min. 


LNZNZ\ LNZNZ) 
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FIGURE 1.2.2.3 - READ DATA FROM PROGRAM MEMORY COMMAND 
(PARALLEL PROGRAM/VERIFY) 


MCLR 


| 1psmin, 1 Next Command 
+ 


RT ac Pye —— taly4 fo 
(clock) 


RB6 XXKK) TRAKKKRERK RRR RR KKK 
(HILO) | PERK KKK KKK 


TKXKKKKKXKY? 
___(DATA/ RRR 
COMMAND) 


XXKXKKKK) 
Mr rtrtets 


OV 000000000000 000000 
LY 





1.2.2.7 Begin Programmin If the address is pointing to the test program memory 


A load command must be given before every begin 
programming command. Programming of the selected 
memory (configuration memory, user program memory 
or data memory) will begin after this command is re- 
ceived and decoded. The programming time is specified 
to be 10ms. The OSC2 pin will go high when the 
programming is completed (only in parallel mode). 


1.2.2. lk Erase Program Mem 


After this command is performed, the next program 
command will erase the entire program memory. The 
erase time is specified to be 10ms. 


If the address is pointing to user memory, only the user 
memory will be erased. 


ViHH 





MCLR 


FIGURE 1.2.2.4- BULK ERASE DATA MEMORY AND BEGIN PROGRAMMING COMMANDS 


(2000h - 200Fh), then both the user memory and the test 
memory will be erased. The configuration word will not 
be erased, even if the address is pointing to location 
2007h. 


1.2.2.9 Bulk Erase Data Memory > 


After this command is performed, the next program 
command will erase the entire data memory. The erase 
time is specified to be 10ms. A description of the 
sequence of these two commands is shown in Figure 
1.2.2.4. 


RT | 
(loos) ——_______] Loe a el (ne eee 


x< 


RBS 
(HILO) 


RB7 


(DATA/ XXXXXXXRXXKY 
COMMAND) 


XXXXXKXKXAXAKKA 


RB <3:0> 





' | 
t t 


i) 
' 
‘i 
{ 
1 
i) 
‘ 
t 
{ 
t 
' 
i) 
i) 
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1.3.1 AC/DC TIMING REQUIREMENTS FOR PROGRAM/VERIFY TEST MODE 


AC/DC CHARACTERISTICS, Standard Operating Conditions 


POWER SUPPLY PINS Operating temperature 0<TA<+70°C, unless otherwise stated 
Operating voltage 4.5V < Vop < 5.5V, unless otherwise stated 


Characteristic | sym | Min Conditions/Comments 
so 





VoD max. V 


jhe 


Supply voltage 


Supply voltage Voop | 4.5 
Vopv | VDD min. 
sng very hiaos ‘ocanesl 
High voltage on MCLR and VIHH 
RT for test-mode entry il 





Supply current (from Vob) during 
program/verify 






(RB6, RB7) input high level VIH1 0.8 VoD 


(RB6, RB7) input low level Vict 0.2 VoD 


RB<7:4> setup time before 
MCLRT (test mode selection 
pattern setup time 


|0.8Voo | 
|0.2Voo | 
eet 
RB<7:4> hold time after 
MCLRT (test mode selection 
pattern hold time) 








Data in setup time before clock | 
| Data in hold time after clock! _|thidi_| 100 
Data input not driven to next 
clock input (delay required 
between command/data or 





command/commandq) 
of next command or data 

read data 

patel rogamvenyy | 


Data in setup time before clock! 
Data in hold time afterclockl |thld3 |1 | 


RB6 and RB7 setup time before = 1 
clock 


| RB6 and RB7 hold time after —_| thid1 eh 
clock 
RT (clock)1 to RT (clock)T tdy4 2 || 


RB7 (data/command select tset2 | 1 
input) setup before RT (clock)T 


RB7 (data/command select thid2 
input) hold time after RT (clock)L. 
RT (clock)T todataoutvalid jtdy5 {1 | 


G 





© 1994 Microchip Technology Incorporated [2 rel i An) f In é) FW DS30189C-page 9 
3-33 








PIC16C84 Programming Specification 


1.3.1 AC/DC TIMING REQUIREMENTS FOR PROGRAM/VERIFY TEST MODE 
\(Cont.) | eee 











AC/DC CHARACTERISTICS, Standard Operating Conditions | 
POWER SUPPLY PINS Operating temperature 0<TA<+70°C, unless otherwise stated 


| _ Operating voltage 4.5V < Vop < 5.5V, unless otherwise stated 









Conditions/Comments 


Parallel Program/Verify (cont. | 
RB6 (hi/lo select) valid to data ‘| tdly6 | 
out valid 






Programming pulse width 


Time delay from program to 
compare (HV discharge time) 


Note 1: Program must be verified at the minimum and maximum Vo limits for the part. 
Note 2: VIHH must be higher than Vop + 4.5V to stay in programming/verify mode. 


ys 


2.0 CONFIGURATION FUSES 


The PIC16C84 has five configuration fuses, which are '0') or left unprogrammed (reads ‘1') to select various 
EEPROM bits. These fuses can be programmed (reads device configurations. 


FIGURE 2.0.1 - CONFIGURATION WORD 


bito 


12 5 
hoe OSC selection fuses: 
~FOSC1, FOSCO: | 

00: LP oscillator 
01: XT oscillator 
10: HS oscillator 
11: RC oscillator 
WDT enable fuses: 
WDTE = 1: WDT enabled 
WDTE = 0: WDT disabled 
Power-up timer enable fuse: 
PWRTE =1 power-up time enabled 
PWRTE =0 power-up timer disabled 
Code protection fuse: 
CP=1_ code protection off 
CP=0 _ code protection on 





Unimplemented. Read as '1's. 


2.1 Embedding Configuration Fuse and ID Information In the Hex File 
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2.2 Code Protection 


The code in the program memory and data in the data 
memory can be protected by programming the code 
protect fuse (CP). 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. Itis also not possible to read 
out the contents of the data memory. In addition, it is not 
possible to program any memory locations (data or 
program) while code protection is on. 


2.2.1 VERIFYING A CODE-PROTECTED PIC16C84 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
"“OOO0000xxxxxxx" (binary) where X is 1 or 0. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 
protecting it. 


b. Next, blow its code protection fuse and then load its 
contents in a file. 


c. Verify any code-protected PIC 16C84 against this file. 
_ Date memory can not be verified after code protection. 


2.3 ID Locations 


Four memory locations (2000h - 2003h) are designated 
as ID locations where the user can store checksum or 
other code - identification numbers. These locations are 
not accessible during normal execution but are readable 
and writable during program/verify. 


It is recommended that the user use only the lower 7-bits 
of the ID locations and always program the upper 7-bits 
as ‘1's. 


2.2.2 DISABLING CODE-PROTECTION 


It is recommended that the following procedure be 
performed before any other programming is attempted. 
itis also possible to turn code protection off (code protect 
fuse = 1) using this procedure; however, all data within 
the program memory and the data memory will be 
erased when this procedure is executed, and thus, the 
security of the data or code is not compromised. 


Procedure to disable code protect: 


a. Execute load configuration (with a '1' in bit 4, code 
protect). 


Increment to fuse location (2007h) 
Execute command (0001 - RB<3-0>) 
Execute command (0111 - RB<3-0>) 
Execute ‘Begin Programming’ 

Wait 10ms 

Execute command (0001 - RB<3-0>) 
Execute command (0111 - RB<3-0>) 


zsa*op aos 


3.0 EMBEDDING DATA EEPROM 
CONTENTS IN HEX FILE 


The programmer should be able to read data EEPROM 
information from a hex file and conversely (as an option) 
write data EEPROM contents to a hex file along with 
program memory information and fuse information. 
The 64 data memory locations are logically mapped 
starting at address 2100h. 


4.0 PROGRAMMING ALGORITHM 
REQUIRES VARIABLE Vpp 


The PIC16C84 uses an intelligent algorithm. The algo- 
rithm calls for program verification at VDD (min.) as well 
as VpD (max.). Verification at VoD (min.) guarantees 
good “erase margin". Verification at VoD (max) guaran- 
tees good “program margin". 


The actual programming must be done with Vop in the 
Voop range (4.5 - 5.5V). 


VopPp = VCC range required during programming. 
Vppd min. = minimum operating VoD spec for the part. 
VDD max. = maximum operating VoD spec for the part. 


Programmers must verify the PIC16C84 at its specified 
VDD max. and VoD min. levels. Since Microchip may 
introduce future versions of the PIC16C84 with a broader 
VbD range, itis best that these levels are user selectable 
(defaults are ok). Any programmer not meeting these 
requirements may only be classified as “prototype" 
or "development" programmer but not a “produc- 
tion" quality programmer. 
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1.0 PROGRAMMING THE PIC17CXX 


The PIC17CXX is fundamentally programmed using the 
TABLWT instruction with the table pointer pointing to an 
internal EPROM location. Therefore, a user can pro- 
gram an EPROM location while executing code (even 
from internal EPROM). 


For the convenience of a programmer developer, a 
“program & verify" routine is provided in the on-chip test 
program memory space, the program resides in ROM 
and not EPROM. Therefore, it is not erasable. The 
“program/verify" routine allows the user to load any 
address, program a location, verify a location or incre- 
ment to the next location. It allows variable program- 
ming pulse width. 


1.1 Hardware Requirements 


Since the PIC17CXX under programming is actually 
executing code from “boot ROM", clock must be pro- 
vided to the part. Furthermore, the PIC17CXX under 
programming may have any oscillator configuration 
(EC, XT, LF or RC). Therefore, the external clock driver 
must be able to overdrive pulldown in RC mode. CMOS 
drivers are required since the OSC1 input has a Schmitt 
trigger input with levels (typically) of 0.2 Vop and 0.8 
Vop. See the PIC17C42 datasheet (DS30073) for exact 
specifications. 


The PiC17C42 requires two programmable power sup- 
plies, one for VoD (2.0V to 6.5V recommended) and one 
for VPP (12V to 14V). Both supplies should have a 
minimum resolution of 0.25V. 


2.0 HOW TO ENTER 
PROGRAMMING MODE 


To execute the programming routine, the user must hold 
TEST pin high, RA2, RA3 must be low and RA4 must be 
high (after power-up) while keeping MCLR low and then 
raise MCLR pin from Vit to VIHH (VoD or VPP). This will 
force FFEOh in the program counter and execution will 
begin at that location following reset. Execution is forced 
to Internal mode by overriding fuse configuration. The 
code protect fuse is not overwritten. The program 
immediately polls port RB<7:0> to determine a branch 
address. Presenting E1h on port RB will cause the 
program to jump to and execute the “program/verify" 
routine. 

The sequence that enters the device into the program- 
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at Vi). This means that 
all I/O are in the reset state (High impedance inputs). 








FIGURE A - 40L PDIP, CERDIP WINDOW 


PINOUT 


|| RD2/AD10 
|] RDS/AD11 
|| RD4/AD12 


RC1/AD1 |} 3 
RC2/AD2 | | 4 
RC3/AD3 L] 5 


$8e8é 


|_| RDG/AD14 
| | RD7/AD15 


RCS5/AD5 Lj 7 


RC7/AD7 L]| 9 


RBO/CAP1 [| 11 
RB1/CAP2 [ | 12 


36 
35 
34 
33 
32 
31 
30 
29 


N 
oe 


XXILZLVId 


nN 
N 


RB4/TCLK12 (_} 15 
RBS/TCLK3 |_| 16 


8 RS 


OSC1/CLKIN [_] 19 
OSC2/CLKOUT | | 20 


2 RB 


PORTB (RB) has internal weak pull-ups which are active 
during the programming mode. When TEST pin is high, 
Power-On Reset and Oscillator Start-up Timers are 
disabled. i 


2.1 PROGRAM/VERIFY MODE 


The program/verify mode is intended for full-feature 
programmers. This mode offers the following capabili- 
ties: 
a. Load any arbitrary 16-bit address to start pro- 
gram and/or verify at that location. 
b. Increment address to program/verify the next 
location. 
c. Allows arbitrary length programming pulse width. 
d. Following a “verify" allows option to program the 
same location or increment and verify the next 
location. | 
e. Following a “program” allows options to program 
the same location again, verify the same location 
or to increment and verify the next location. 
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FIGURE 2.1.1 - PROGRAMMING/VERIFY STATE DIAGRAM 





Load } 
Address |, 


Raise RT 
before INTL 


2.1.1 LOADING NEW ADDRESS 


The program allows new address to be loaded right out 
of reset. A 16-bit address is presented on ports RB (high 
byte) and RC (low byte) and the RT is pulsed (0 > 1, then 
1— 0). The address is latched on the rising edge of RT. 
See timing diagrams for details. After loading address 
the program automatically goes into a “verify cycle". To 
load a new address at any time, the PIC17C42 must be 
reset and this programming mode re-entered. 


FIGURE 2.1.2 - PIC17C42 PROGRAM MEMORY MAP 


On chip 
Program 
EPROM 





- Pulse RT . 
(Raise RT 
after INTL) 


Pulse INT 
(INT pulse 
wicth is 


Program 
f programming time) 


2.1.2 VERIFY (OR READ) MODE 


“Verify mode" can be entered from “Load address" 
mode, "program mode" or "verify mode". In verify mode 
pulsing RT will turn on ports RB and RC output drivers 
and output the 16-bit value from the current location. 
Pulsing RT again will increment location count and be | 
ready for the next verify cycle. Pulsing INT will begin a 
program cycle. 


2.1.3 PROGRAM CYCLE 


“Program cycle" is entered from “verify cycle" or pro- 
gram cycle" itself. After a verify, pulsing INT will begina 
program cycle. 16-bit data must be presented on ports 
RB (high byte) and RC (low byte) before INT is raised. 


FOSCO 


FOSC1 
FWDTO . 
FWDT1 






FPMMO 
FPMM1 
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The data is sampled 3 Tcy after the rising edge of INT. 
Programming continues for the duration of INT pulse. 


At the end of programming the user can choose one of 
three different routes. If RT is kept low and INT is pulsed 
again, the same location will be programmed again. This 
is useful for applying over programming pulses. If RT is 
raised before INT falling edge, then a verify cycle is 
started without address increment. Raising RT after INT 
goes low will increment address and begin verify cycle on 
the next address. 


3.0 CONFIGURATION FUSES 


Configuration fuses are programmable EPROM bits 
that can be programmed (reads 'O') or left unpro- 
grammed (reads '1') to select between options (e.g. 
operating modes). For simplicity of programming they 
are mapped into program memory. Each fuse is 
assigned one program memory location. In erased 
condition a fuse will read as '1'. To program (or “blow”") 
a fuse, the user needs to write to the fuse address. The 
data is immaterial; the very act of writing will blow the 
fuse. The fuses and their address are shown in the 
table below. The programmer should not program 
(i.e. not write a '0') the reserved locations to avoid 
unpredicatable results and to be compatible with 
future variations of the PIC17C42. 





TABLE 3.0.1 - MAPPING OF CONFIGURATION FUSES 


[we [ Asie an 


FOSC1, FOSCO= 00 : 
O01: 
10: 
11: 
FWDT1, FWDTO = 10 : 


01 
11 


01 
11 





3.1 Reading Configuration Fuses 


For simplicity, reading any fuse in address range FEOO: 
FEO7h will read all eight fuse values in the lower byte and 


00 : 
FPMM1, FPMMO = 00 : 
10: 


reserved | FPMM1| reserved | FPMM0O| FWDT1 


LF oscillator mode 

RC oscillator mode 

XT oscillator mode 

EC (external clock mode) 
WDT prescale is 256 

WDT prescale is 64 

WDT prescale is 1 

WDT is off (normal timer) 
Microcontroller mode (code protected) 
Microcontroller mode 
Extended micrcontroller mode 
Microprocessor mode 


all 1's in the upper byte. Fuse located at FEOOh will 
show up in bit 0 and so on. 


FWDTO | FOSC1 | FOSCO 


bitO 


When code protected, reading any program memory 
location will read out a scrambled output “0000 0000 xxxx 
xxxx" (binary) where x =O or 1. To verify a device after 
code protection follow this procedure: 


a. First, program and verify a device without code 


protection. 


b. Next, blow its code protection fuse(s) and read itinto 


a file. 


c. Verify any code protected PIC17C42 against this 


this file. 


3.2 Embedding Configuration Fuse Information in the Hex File 
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FIGURE 4.0.1 - PROGRAMMING ROUTINE FLOWCHART . 








 MCLR=1 
(hold for 10 Tcy) fe 











Present address on ports 
RB, RC hold Tcy 
after RT changes to 1 














Read MSB of data 
from port-B. 
Read LSB of data 
from port-C. 
Enable INT to end 


prog cycle : 


y Program 16 bit — 
Yes data a 


No 


No 


T Yes 
B&Cportsnot §£ 
driven by part 


If programming is desired, 

force port B = MSB of data #F 
force port C = LSB of data £7 

(hold 10Tcyc after £7 

INT is raised) 4 








'Y’ Yes 





Stop driving address — 





on port 






Increment a 
Address 
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RT 
INC PC 
INT \ | 
RB<7:0> DATA_HIIN DATA_HI OUT DATA_HI IN DATA_HI OUT \ DATA_HIOUT ) 
RC<7:0> DATA_LO OUT DATA_LO IN DATA_LO OUT DATA_LO IN DATA_LO OUT DATA_LO OUT 





Program location X Program location X Verify location X +1 
Verify location X Do not increment PC | Verify location X Raise RT after INTL Pulse RT to increment Verify location X +2 
Raise RT before INTL to increment to location X +1 address to X +2 
to do this 


Note: Device in PGM mode 
Test = +5 
VpP/MCLR = Vpp 
RA2 =0 
RA3 = 0 
RA4 = 1 
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FIGURE 5.0.4 - POWER-UP/DOWN SEQUENCE FOR PROGRAMMING 
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6.0 AC/DC SPECIFICATIONS FOR PROGRAMMING 


Standard Operating Conditions (unless otherwise stated) 


Operating temperature 10°C < TA <+40°C 


Operating voltage 4.5V <Vcc <5.5V 

[Min | Typ | Max | units | Conditions 
Leche cametuactens 
it 
Lt 





Characteristic 


Programming voltage VPP 
on VeP/MCLR pin 
Programming current ir ae 














on VpP/MCLR pin 
Supply voltage during Vppp 4.5 
fet 
Osc/clockin frequency FOscP 4 
fswegomganmny | 
| ne Pas 


[eis eS I Sa ae a rea et] 
Instruction cycle Tcy = 4/FoscP 


nile aeae el M 
programming 
veri 

INT, RT, RA2, RA3, RA4 

setup before TESTT 


TESTT to MCLRT ttsH2mcH 


ae ae 

RC<7:0>, RB<7:0>valid tocV2irH 
to RT or INTT :Address/ 
Data input setup time 

RT or INTT to RB<7:0>, 10 Tcy 
RC<7:0> invalid; eal ae 
Address datahold time 
high impedance 


RTT to data out valid trtH2bcV | ss 
| 10 | 
1 















Programming pulse width | tprog 
INT, RT high pulse width tirH2irL OTc 
INT, RT low pulse width 


RTT before INTL (to go trtV2inL © 

from prog cycle to verify an ie 
RT valid after INT (to tinLartl 10 Tcy 
select increment or no 

increment going from 

program to veri 


10 
VppP setup time before tvpps 100 
INTT 

10 





Ver holdtime after INTL {tvpph | oO | 
Vop stable to TESTT tvdV2tsH | 10 | 


RB input (Eth) valid to 
VeP/MCLRT 

RB input (E1h) hold after 
VeP/MCLRT | 
VDD power down after tvpL2vdL 

Lad 


Note 1: VeP/MCLR pin can be kept at Vpp level (12.5V - 13.5V) at times other than programming. 
Note 2: Program must be verified at the minimum and maximum Voo limits for the part. 
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7.0 PROGRAMMING ALGORITHM 
REQUIRES VARIABLE Vop 


The PIC17CXX uses an intelligent algorithm. The 
algorithm calls for program verification at Vop (min.) as 
well as VOD (max.). Verification at VoD (min.) guaran- 
tees good “erase margin". Verification at VoD (max) 
guarantees good "program margin". Three times (3X) 
additional pulses will increase program margin then 
beyond VpD (max.) and insure safe operation in user 
system. 


The actual programming must be done with Von in the 
Vopp range (4.5 - 5.5V). 


VpppP = VDD range required during programming. 
VoD min. = minimum operating VoD spec for the part. 
VopD max. = maximum operating Vcc spec for the part. 


Programmers must verify the PIC17CXX at its specified 
VppD max. and VoD min. levels. Since Microchip may 
introduce future versions of the PIC17CXX with a broader 
Vop.range, it is best that these levels are user selectable 
(defaults are ok). Any programmer not meeting these 
requirements may only be classified as “prototype” or 
“development* programmer but not a "production" qual- 
ity programmer. : | 
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FIGURE 7.2 - RECOMMENDED PROGRAMMING ALGORITHM 
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MICROCHIP 


SQTP™ (Serialized Quick Turn Programming) Specification for PIC16C5X 





OVERVIEW 


Serialization is a method of programming PIC16C5X 
microcontrollers whereby each chip is programmed with 
a slightly different code. Typically, all locations are 
programmed with the same basic code except for a few 
continuous bytes which are programmed with a different 
number (referred to as ‘key’ or ‘ID number’ or ‘serial 
number’) in each member. Typical applications of such 
programming are remote transmitters for car alarms or 
garage door openers where each unit must have a 
different access code. 


Microchip offers a flexible SQTP program, whereby a 
customer can simply specify the nature of serialization. 
The ‘serial number’ generation and programming will be 
taken care of by the factory. 


1.0 DEVICES CURRENTLY SUPPORTED 


PIC16C54 osc type=XT, RC, LP, HS Packages=PDIP, SOIC 
PIC16C55 osc type=XT, RC, LP, HS Packages=PDIP, SOIC 
PIC16C56 osc type=XT, RC, LP, HS Packages=PDIP, SOIC 


PIC16C57 osc type=XT, RC, LP, HS Packages=PDIP, SOIC 


Other device types are being added. Please consult a 
Microchip representative or Microchip sales person. 


2.0 SERIALIZATION SCHEME 
SUPPORTED 


2.1 Locations: 


The serial number must reside in continuous locations 
with up to eight locations used. Furthermore these 
locations must be coded as 8NN (RETLW NN, where 
NN=8-bit random code ) in the finished product. For 
details on how the RETLW instruction is typically used 
for serialization purposes, please see Appendix A. The 
customer code must be supplied without the serial code 
in these locations. These locations must be 8FFh in the 
customer code provided to Microchip. Microchip will 
insert the serial code at these locations during program- 


ming. Hex files must be in Intel hex 8-bit merged format. _ 


See Appendix B for details. 


2.2 Numbering Schemes: 


Random: Truly random numbers are generated. How- 
ever, there is no guarantee that the numbers will be non- 
repeating although the probability of such an occurrence 
will be infinitesimally small for a reasonably large field. 


Pseudo-Random*: Pseudo-random sequences of re- 
quested length (e.g. 32-bit long if four locations are 
used) starting with a 'seed value’ selected by the factory. 
The customer may optionally specify the starting value. 


Pseudo-random sequences, by definition are non-re- 
peating. See Appendix C for polynomials used to 
generate the numbers. 


Sequential: Sequential numbers are generated. User 
specifies the “starting number" and an increment value. 
In sequential numbering, the least significant digit is in 


the lowest memory location. The increment value must 
be between 1 and 255. 


Numbers are always in hex and not in BCD or any other 
format. 


3.0 PROGRAMMING SEQUENCE 


The factory will program the “basic code" first, then 
program the serial number and finally program the code- 
protection fuse. Program memory will be verified at each 
stage except after code protection. Optionally, the 
factory may choose to program the “basic code" and the 
“serial number" at the same time. The customer may 
specify an ID number (four hex digits) to be programmed 
in the ID locations or elect to leave them unprogrammed. 


4.0 SAMPLES 


Three (3) verification samples will be provided. These 
will be programmed with factory selected random or 
sequential codes in the serialization locations. The 
three parts will be programmed with three different serial 
codes. If order entry has been completed, then the 
samples will reflect the first three codes. If code protec- 
tion is requested, then one of the three samples will be 
code protected. 


5.0 THE FOLLOWING LIMITATIONS 
APPLY TO THE SQTP PROGRAM 


1. During shipment of serialized parts, no particular 
sequence can be guaranteed. 


2. Insequential or pseudo-random numbering scheme, 
there may be missing serial numbers (e.g. due to QC 
sampling). 


3. A list of serial numbers programmed can not be 
provided, nor will such a list be generated or main- 
tained by Microchip. 


4. For sequential and pseudo-random numbering 
schemes, Microchip will maintain last number used 
in last shipment and use the next number as the 
starting number for the next shipment. The customer 
should be prepared to provide a "new starting num- 
ber" in the event the flow is disrupted due to unfore- 
seen events. 
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APPENDIX A 


implementing a table in the program memory_of 
PIC 16C5X: 


The PIC16C5X uses Harvard architecture, in which the 
program memory is separate from data memory. All 
instructions operate on data that is fetched from the 
register file or data memory. Since there are no instruc- 
tions to read from or write to the program memory, 
simply storing data words in program memory is of no 
use. There is, however, a simple and elegant way to 
implement constant tables in the program memory by 
using the RETLW instruction. This instruction returns 
from a subroutine as well as loads an 8-bit constant into 
the W register. The following example shows how to get 
a byte of “serial information” from the table stored at 
location 000h in PIC16C54: 


ORG 0 ;store serial 
numbers 


RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 


RETLW OFFh s;end of serial 


numbers 


main_prog ORG XYZ ;This is main 


program 


MOVLW byte_num ;byte_num = 0 for 
Ist ; byte 


CALL get_ibyte ; 


get_lbyte MOVWF PC ;write W to program 


; counter 


:W = offset = 0 for 
;1lst byte 


;end of get_lbyte sub 
; routine 


The next example shows how a serial number may 
reside at location other than OOOh. 


main_prog ORG XYZ ;This is main 


program 


MOVLW byte_num ;byte_num = 0 for 
lst . . ;byte 


CALL get_libyte ; 


get_lbyte ADDWF PC ;W = offset 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh : 
RETLW Offh - 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh ; 


RETLW Offh send of serial 


:numbers 
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APPENDIX B 


tandard hex file format for serial programming: 

The hex file containing the ‘serial numbers’ will be in Intel 
hex 8-bit format. Since the PIC16C5X has 12-bit data 
words, all addresses are doubled in this hex format. 
Each line of the hex file will be for a new part. Each line 
can contain only up to 16 bytes (i.e. eight PIC16C5X 


instruction words). The format is as follows: 
*>NNAAAATTHHHHHH......HHCC 
where: 
NN = byte count on current line (max 10h allowed) 
AAAA = address in four hex digits 


TT = record type, always 00 except 01 for EOF 
HH = Two digit hex data byte 
CC = Two digit hex checksum 


APPENDIX C 


Pseudo-random numbers are generated using 
modulo-2 primitive polynomials. This method guaran- 
tees to produce a sequence of maximal length, i.e., cycle 
through all possible sequence of n bits before it repeats. 
By providing a seed value as the initial bit pattern (the 
only combination not used is all 0's), one can get 2"-1 
random bits before the sequence repeats itself. Micro- 
chip will only support pseudo-random serial numbers for 
bit lengths 8, 16, 24, 32, 40, 48, 56 and 64 (i.e., 1-8 
locations). The polynomials used are: 


8 bit: xo + xt + x9 + x? + 1 
16 bit: x" + x5 + x3 + x? + 1 
24 bit: xX + xt + xO+ x + 1 
32 bit: x2 4 x7 + X5+ x9 + X27 4+ X+ 1 
40 bit: x40 + x9 + xt+ x9 4+ 7 
48 bit: x 4 x? + X84 x4 4+ xX? + X41 
56 bit: x + x7 + x44 x2 + 1 
64 bit: x + xt 4+ x8 4x +1 


To implement the 8-bit polynomial requires XORing the 
non-zero bits of the polynomial (shown as a shift register 
below) and shift on the resetting bit back into the shift 
register. 
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TRUEST _Intelligent Battery Management I.C. 





FEATURES 


Digitally integrates battery charge and discharge 
current to provide an accurate state of charge indica- 
tion 


Operates with NiCd, NiMH, or Lead Acid battery 
packs containing as few as three cells 


Provides real-time battery data via a single-wire 
interface 


- Remaining capacity in percentage 

- Total Capacity in mA-Hr 

- Battery Voltage 

- Battery Temperature 

- Battery Current 

-AV, AT/dt, or maximum voltage fast charge termina- 
tion 

Provides three overcharge protection mechanisms: 
- Elapsed time fast charge termination 

- Over and Under Temperature protection 

- Over-Voltage protection 


Automatically measures and updates the total ca- 
pacity of the battery 


Automatic battery conditioning requests at regular 


intervals based on usage 


FIGURE A - PIN CONFIGURATIONS 


TrueGauge name and logo are trademarks of Microchip Technology Inc. 
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OOZLEVLIN 


BENEFITS 


—s ISENC[/] 9 
—e BATVC [| 10 


Provides accurate, real-time battery capacity infor- 
mation 


Extends battery life through automatic, regular condi- 
tioning cycles 


Permits use of an inexpensive current source for 
battery charging 


Allows rapid and reliable battery recharging with 
multiple backup safety mechanisms 


Avoids errors due to battery noise, variations in load 
current, and deep discharge situations 


Provides total capacity data to help detect imminent 
battery failure 


Assists in efficient power management 


OOcLILVLIN 


—*TEMPC [} 11 
—m REFC L 12 





The microcode contained in this product is copyrighted ©1993, all rights reserved. 
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DESCRIPTION 


The MTA11200 is the heart of a simple, low-cost, yet 
fully featured solution to battery monitoring and charg- 


ing. Itis designed to operate with either nickel cadmium, | 


nickel-metal hydride, or lead acid battery packs. 
By digitally integrating battery charge and discharge 


current the MTA11200 accurately determines the 


battery’s state of charge. The battery’s total capacity is 
automatically measured and factored into the state of 
charge calculation. Thus, an accurate indication of per- 
centage of battery capacity remaining is determined. 


Automatic total capacity measurement occurs during 
battery conditioning cycles when the battery is cycled 
from full charge to full discharge. The MTA11200 re- 
quests conditioning cycles at regular intervals based on 
battery usage to extend battery life. Additionally, the 
MTA11200 continually monitors battery condition and 


can output the following battery parameters via RS-232 
1-wire interface or optional 3-wire bi-directional serial 
link: remaining capacity, total capacity, voltage, current, 
temperature, error flag, etc. 


The MTA11200 is a 28-pin low power CMOS integrated 
circuit. Combined with a few simple external compo- 
nents, a complete battery maintenance system can be 
realized. 


APPLICATIONS 


The MTA11200 is ideally suited for use in portable 
computers, portable video equipment, cellular phones, 
and other products relying on rechargeable battery 
technology. The MTA11200 excels in applications where 
an accurate “fuel gauge” is desired to prevent interrup- 
tion in use or data loss due to insufficient battery power. 
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1.0 PIN DESCRIPTIONS 

PIN NAME TYPE 
TXD Output 
RXD Input 

CTS Output 
SCL OC-Output 
SDA Input/Output 
REFC Input 
BATVC Input 
TEMPC Input 
ISENC Input 
ZERO Output 
RAMP Output 
DISREQ OC-Output 
EODV OC-Output 
CHG Input/Output 
LEDREQ Input 

P20 OC-Output 
P40 OC-Output 
P60 OC-Output 
P80 OC-Output 
IDLE Output 
OSC2 Output 
OSC1 Input 

CLR Input 

Vpp Pwr 

Vss Gnd 


I?C is a trademark of Philips Corporation. 


DESCRIPTION 


RS-232 transmit data 9600,N,8,1. The MTA11200 transmits command 
responses and measured battery data to a host via this pin 


RS-232 receive data 9600,N,8,1. The MTA11200 receives commands 
and data from a host via this pin. This pin can be a no-connect if the 
MTA11200 is operating in the transmit only (broadcast) mode 


RS-232 clear to send output. The MTA11200 signals that it is ready to 
receive a command from the host via this pin. This pin can be a no- 
connect if the MTA11200 is operating in the transmit only mode 


l2?C™ format serial clock to an external Serial EEPROM 
l2C format serial data to and from external Serial EEPROM 
Reference voltage comparator sense input 

Battery Voltage comparator sense input 

Temperature comparator sense input 

Charge and Discharge Current comparator sense input 
Comparator offset compensation control 

A/D voltage ramp control 


Discharge request output for external charger/discharger control. Ac- 
tive low when battery discharge cycle is requested. Inactive tristated 


Battery at End Of Discharge Voltage output, active low, inactive 
tristated 


Charge request output and host or charger present input. When in 
output mode, fast charge request is active low when capacity is less 
than value stored in EEPROM. Inactive tristate. In input mode charger 
present is indicated when input is high. A 100K pull down is required. 
Externally pulled high to command ON (as opposed to STANDBY) 
mode 


LED request switch input for momentary contact switch. Enables LED 
outputs for ~1.75 seconds when input goes low 


Battery >20% full, LED drive, active low, inactive tristated 
Battery >40% full, LED drive, active low, inactive tristated 
Battery >60% full, LED drive, active low, inactive tristated 
Battery >80% full, LED drive, active low, inactive tristated 
Standby mode output, shuts down extemal circuits, active high 
4.0 MHz ceramic or crystal oscillator output 

4.0 MHz ceramic or crystal oscillator input 


Power on reset input 
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2.0 OVERVIEW 


The MTA11200 determines the state of charge of a 
battery by integrating all the current going into and out of 
a NiCd, NiMH, or Lead Acid rechargeable battery pack. 
Compensation factors that adjust for battery non-linear- 
ity and environmental conditions are continuously ap- 
plied to the state of charge calculation. The MTA11200 
also performs the charge controller function of a battery 
charging system. It can directly control a “dumb” current 
source charging supply to provide both a high current 
fast charge anda longterm maintenance (trickle) charge. 
The battery's state of charge is communicated by the 
MTA11200’s four LED outputs and by a 9600 baud 
RS-232 serial link. Additionally, battery voltage, current, 
temperature, measured total capacity, and history infor- 
mation are available via the RS-232 link. 


System control parameters that are stored in an extemal 
EEPROM allow the operation of the MTA11200 to be 
customized for use with a wide variety of battery types 
and sizes. There are approximately 35 programmable 
system parameters stored in 128 bytes of extemal 
EEPROM. These parameters are listed alphabetically 
and described in detail in Section 5.0. 


2.1 STANDBY State 


The MTA11200 has two states of operation: the ON 
State and a low power STANDBY state. The MTA1 1200 
enters the STANDBY state when it senses that the 
battery is not connected to any external equipment (via 
the CHG pin) and therefore is not in use. In this low 
power state, the battery voltage, temperature, and cur- 
rent flow are measured at 138 second intervals. The 
MTA11200 compensates for battery self-discharge by 
adjusting the state of charge indication based upon the 
temperature and the battery's available charge. The 
self-discharge compensation factors are highly pro- 
grammable and allow the MTA1 1200 to accurately com- 
pute the decay in the battery’s available charge for a 
wide variety of different battery types. In this STANDBY 
State, the battery's charge state can be communicated 
via the four LED outputs. The MTA11200’s RS-232 linkis 
disabled when in the STANDBY state to conserve power. 


2.2 ON Stat | 
Exiting the STANDBY state and entering the “ON” state 


occurs when a connection to extemal equipment is 
detected. This indicates that the battery is in use or is 
being charged. The ON state is entered when the CHG 
pin is sampled at a high level. The CHG pin is sampled 
ata 1.75 second rate and the MTA11200 can be easily 
forced into the “ON” mode when the battery’s host 
equipment is powered up or when the battery is con- 
nected to a charger. Battery voltage, temperature, and 
current flow are sampled at 1.75 second intervals in this 
state. 


2.3 Monitoring and Charging System 


The MTA11200 is designed as the main controller 1.C. in 
a battery monitoring and charging system. Additionally, 
a few other components are required to implement an 
entire system. A Serial EEPROM that uses standard I?C 
interface is required. Control parameters that customize 
the MTA11200 for a particular battery type and applica- 
tion are stored in the Serial EEPROM. Additionally, the 
actual battery capacity that is measured by the MTA11200 
is routinely updated and stored in the EEPROM. The 
analog-to-digital conversion technique used by the 
MTA11200 is a timed voltage ramp system that uses an 
external quad comparator. This combination provides 
highly accurate conversions across a wide dynamic 
range of input levels. For example, the current measure- 
ment range is typically 5000:1 for charge or discharge 
current. 
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3.0. FUNCTIONAL DESCRIPTION 
3.1 Charge State Indicator 


The MTA11200 indicates the present state of charge in 
percentage relative to a full (100%) charge. The total 
capacity of the battery pack is measured and used as the 
reference value for calculating the present state of 
charge. The total capacity is obtained by numerically 
integrating discharge current only, over a complete 
discharge cycle. A separate numerical integration is 
performed using both charge and discharge currents. 
The result of this integration in relation to the measured 
capacity determines the present state of charge of the 
battery. 


3.1.1 Measured Battery Capacity 


Total battery capacity is automatically determined by 
measuring and integrating the total discharge current 
delivered by the battery during any uninterrupted (by 
charge current) and complete discharge cycle. This 
helps maintain the accuracy of the charge state indica- 
tion over the life of the battery. 


An automatic capacity measurement cycle begins when 
the battery is charged to its 100% capacity point. This 
occurs when fast charging is terminated by the 
MTA11200’s intemal charge controller. Additionally, if 
the MTA11200 receives a Start Capacity Measurement 
command, it allows the discharge measurement cycle to 
begin by defining the present state of the battery as the 
100% capacity point. 


Now, integration of the discharge current begins when 
measurable discharge current flows from the battery. 
The MTA11200 may enter the STANDBY state and not 
cause the measurement cycle to abort. However, a 
complete and uninterrupted discharge cycle must occur 
following the start of discharge. If, after the start of 
discharge, the battery discharge current is reduced to 
zero, or if charge current is detected, the measurement 
cycle will be aborted. 


If the discharge cycle continues until the battery reaches 
the programmed (in EEPROM) End Of Discharge Volt- 
age (EODV), the capacity measurement cycle is com- 
pleted. This measured battery capacity replaces the 
value previously stored in EEPROMat location MEACAP 
and becomes the new basis for the charge state calcu- 
lation. From this point forward the MTA11200 will inte- 
grate all charge and discharge current and calculate 
battery self-discharge rates in relation to the stored 
measured capacity. 


Long term accuracy of the state of charge calculation is 
maintained by regularly referencing known battery ca- 
pacity points. When the fast charge termination point is 
detected, the state of charge indicator will be adjusted to 
indicate 100% capacity remaining. When the battery 
voltage reaches the end of discharge voltage point 
during discharge, the state of charge indicator will be 
adjusted to 0% if necessary. Additionally, the indicated 
battery capacity is restricted to a 0% to 100% range. 


3.1.2 Nominal Battery Capacity 


The MTA11200 reserves storage space for the battery's 
nominal (rated) capacity in the EEPROM at address 
NOMCAP. The MTA11200 does not use this value for 
any calculations. It is included so that a smart host may 
query the MTA11200 for the measured battery capacity 
andthe nominal battery capacity. The host can then alert 
the user of impending battery “wear out” or failure. 


3.1.3 Compensation Factors 


The MTA1 1200 applies several compensation factors to 
the state of charge calculation. Compensation is re- 
quired to maintain an accurate state of charge indication 
due to battery non-linearity and changing environmental 
conditions. These compensation factors are stored as 
lookup tables in the EEPROM. 


When the battery is being charged, the charge current is 
integrated and the state of charge indication is calcu- 
lated. However, since battery charging is not a 100% 
efficient operation, compensation is applied to the state 
of charge calculation. Charge efficiency is adjusted 
based upon the battery’s present state of charge and it’s 
temperature. Since most charging sources charge ata 
fixed rate, a separate compensation table for charge 
rate versus charge efficiency is not included. The com- 
pensation required for this rate is usually factored into 
the programmable temperature compensation versus 
charge efficiency table in EEPROM. 


Self-discharge compensation occurs when the 
MTA11200 is in the STANDBY state. The MTA11200 
measures the temperature once every 138 seconds and 
applies self-discharge compensation based on the tem- 
perature and the battery's state of charge. The self- 
discharge compensation factors are stored in a lookup 
table SDFT(31-0) in EEPROM. 


Accuracy is improved by not applying compensation 
factors to the state of charge calculation when the 
battery is discharging. The MTA11200 maintains accu- 
racy by avoiding the cumulative application of compen- 
sation factors to both the measured capacity discharge 
cycle and subsequent discharges. Since the measured 
capacity is based upon an actual measured discharge 
cycle that typically occurs during actual use in the host 
equipment, the discharge rate is automatically factored 
into the state of charge calculation. 
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.2 Char ntroller 


The MTA11200 can control the complete charging regi- 
men for several popular types of rechargeable batteries. 
Nickel Metal Hydride (NiMH), Nickel Cadmium (NiCd), 
and Lead Acid (Pb) batteries are all supported. The 
internal charge controller is designed to interface viaa 
single wire to a “dumb” constant current source, thus 
forming a complete charging system. Two modes of 
charging are provided, a high current fast charge mode 
anda low current maintenance (or trickle) charge mode. 
Several “fail-safe” backup mechanisms are provided to 
ensure that the fast charge mode is not allowed to 
continue indefinitely. Fail-safe mechanisms for mainte- 
nance charge mode are also included to allow termina- 
tion of all charging if the battery None or temperature 
is out of range. 


3.2.1 Fast Charge 


The fast charge mode is designed to allow high current 
rapid charging of a battery pack. Several techniques for 
fast charge termination are supported. They are: nega- 
tive delta voltage (-AV), rate of change in temperature 
with respect to time (dT/dt) and absolute voltage. Typi- 
cally, -AV termination is used with NiCd batteries, dT/dt 
is used with NiMH batteries, and voltage detection is 
used with lead acid (Pb) batteries. The MTA11200 uses 
one of these principal fast charge termination methods 
based upon the data in EEPROM location BATINFO. 
BATINFO is read immediately following apower on reset 
or during execution of a reset command. 
The MTA11200 will request fast charging via the CHG 
pin when the battery’s state of charge is less than the 
percentage value programmed in EEPROM location 
TONCHG. Once fast charging begins, TONCHG has no 
effect. Fast charging will continue until the program- 
mable limit for the selected principal fast charge method 
is reached or exceeded. Fast charging can also termi- 
nate if any one of the fast charge fail-safe limits are 
exceeded. Maintenance charge mode will always be 
entered after the fast charge mode terminates. Addition- 
ally, the LED outputs P20,P40,P60 and P80 are always 
enabled and indicating the battery state of charge when 
the MTA11200 is requesting fast charge and the battery 
is receiving fast charge current, regardless of the state 
_of the LEDREQ input pin. 


3.2.2 Fail-Safe Mechanisms 


The MTA11200 provides several programmable fail- 
safe mechanisms. Temperature limits for both over- 
temperature and under-temperature are stored in 
EEPROM locations MAXTFC and MINTFC respectively. 
Fast charging will not be allowed if the battery tempera- 
ture exceeds the over-temperature limit or is less than 
the under-temperature limit. Fast charging will begin or 
resume when the temperature falls within these limits. 


Overvoltage and under-voltage protection is also pro- 
vided by the MTA11200. The charge request is termi- 
nated if the battery voltage exceeds the value stored in 
EEPROM address MAXTV. Fast charge is prevented 
when battery voltage is less than the value stored in 
EEPROM location EODV. 


A fast charge timer provides additional protection by 
limiting the amount of time that the fast charge mode 
may be active during any one charging cycle. This timer 
runs anytime fast charge mode is active. If the timer 
value exceeds the maximum fast charge time limit 
programmed in EEPROM at address OVTIM, the state 
of charge indication is set to 100%, the timer is turned off 
and is reset, and fast charge mode is terminated. 


3.2.3 Maintenance Charge Mode 


The maintenance charge mode allows the battery to 
continue charging and remain at or near a 100% state of 
charge during periods of discharge inactivity. The amount 
of current provided to the battery is determined by the 
external “dumb” current source. Fail-safe limits for bat- 
tery over-temperature (MAXTMC) and under-tempera- 
ture (MINTMC), as wellas battery overvoltage (MAXTV), 
can all suspend maintenance mode charging. Mainte- 
nance charging can resume when battery conditions fall 
back within the fail-safe limits. 


3.2.4 External Charge Current Source Control 


The charge rate is controlled by the CHG pin. The CHG 
pin is driven high when the MTA11200 is requesting 
maintenance (trickle) charge current. When driven low 
fast charge current is requested. 


The CHG pinis also used to force the MTA11200 into the 
ON state. This pin is sampled (i.e 2. becomes an input) 
once every 1.75 seconds. If the CHG pin is sampled 
high, then the MTA11200 is forced into the ON state. If 
it is sampled low, then no action is taken and the 
MTA11200 enters the standby state. 


3.2.5 AV Fast Charge Termination 


The MTA11200’s proprietary -AV algorithm makes ex- 
tensive use of filtering, signal processing techniques, 
and heuristics to avoid premature charge termination 
andto retain high sensitivity. The -AV termination thresh- 
old is programmable and is stored in EEPROM at 
location NDV. 


3.2.6 dT/dt Fast Charge Termination 


The MTA11200’s dT/dt algorithm is designed to use an 
external thermistor to detect the rapid rise in tempera- 
ture that rechargeable batteries exhibit when full charge 
is reached. The MTA11200 measures the battery tem- 
perature and calculates the rate temperature rise with 
respect to time and compares this value to the pro- 
grammed DTDT threshold stored in EEPROM. When 
fast charging begins the measured dT/dt rate is allowed 
to exceed the programmed DTDT threshold for three 
minutes without causinga fast charge termination. There- 
after, the MTA11200 will terminate fast charge mode if 
the measured dT/dt rate meets or exceeds DTDT and 
the dT/dt rate is increasing. 
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3.2.7 Voltage Detection Fast Charge Termination 


When programmed for voltage detection fast charge 
termination, which is typically used with lead acid batter- 
ies, the MTA11200 will terminate fast charge mode 
when the battery voltage meets or exceeds the limit 
programmed in EEPROM location LAFCV. This should 
not be confused with the MTA11200 fail-safe over- 
voltage mechanism that will remove all charge current 
requests if a maximum voltage limit (MAXTV) is ex- 
ceeded. The MAXTV limit is a backup mechanism for 
fast charge termination and is always enabled. The 
LAFCV is a primary charge termination limit and is only 
active when voltage detection fast charge termination is 
enabled. 


D version 


The MTA11200 uses a highly accurate timing system to 
controla timed voltage ramp analog-to-digital converter. 
Battery current, voltage and temperature are sampled 
every 1.75 seconds when the battery is in use. 


FIGURE 3.3 - A/D CONVERSION PRINCIPLE 
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Each measurement cycle begins by performing a com- 
parator offset correction procedure. First the ZERO pin 
is driven high. Approximately 200 ms later an intemal 
timer begins counting and the RAMP pin is driven from 
a low to a tristated condition. Next, the MTA11200 
monitors the ISENC, and REFC inputs for astate change 
from low to high. The elapsed time until the state change 
occurs is recorded for both inputs. The total duration of 
this offset correction measurement is constant and 
takes approximately 650 ms 


The measurement cycle continues and the A/D conver- 
sion starts when the ZERO pin is driven to a low state. 
An intemal timer begins counting and the RAMP pin is 
driven from a low to a tristated condition. Next, the 
MTA11200 monitors the BATVC, ISENC, TEMPC, and 
REFC inputs for a state change from low to high. The 
elapsed time until the state change occurs is recorded 
for each input. The duration of this measurement cycle 
is constant and takes approximately 650 ms These 
elapsed time measurements form the basis for the A/D 
conversions. Figure 3.3 illustrates this form of analog-to- 
digital conversion. 


MTA11200 


BATVC 


] MTA11200 Ramp Pin 


Battery Voltage 


Voltage Ramp 


Comparator Output 
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3.3.1 A/D Calibration 


Calibration factors for each A/D input are stored in the 
Serial EEPROM. These factors compensate for compo- 
nent tolerances and drift for the external circuits. Typi- 
cally, the calibration factors are determined and pro- 
grammed into the Serial EEPROM once the extemal 
circuits are connected to the MTA11200 (i.e. at board 
assembly). After calibration, the MTA11200 based sys- 
tem is ready for use. Normally, it is then mated to a 
battery pack. 


An “A/D Reference Point’ is set during the calibration 
process. It allows the MTA1 1200 to adjust for variations 
in the extemal voltage ramp over time and temperature. 
The elapsed time value for the REFC input is stored in 
the EEPROM when the Set A/D Reference Point com- 
mand is received. Typically, this command is only used 
once in the life of the TrueGauge system and usually 
occurs as the first step in the calibration process. During 
normal operation, the elapsedtime valuesforthe BATVC. 
ISENC, and TEMPC inputs are compensated for the 
difference in the present value of REFC and the stored 
“A/D Reference Point” value for REFC. Note, since the 
REFC input is used for drift compensation of the extemal 
voltage ramp, the other input of the comparator is kept 
at a constant voltage potential. 


Gain values for battery current, voltage, and tempera- 
ture inputs are stored in the EEPROM. 


Offset correction factors are also stored for the BATVC 
and TEMPC inputs. The offset measurement that occurs 
when the ZERO pin is driven high determines the “zero” 
point for the ISENC input and eliminates the need for an 
offset correction factor for this input. 


Typically, the voltage, current, and temperature gain 
factors in EEPROM are set equal to one prior to perform- 
ing a calibration procedure. Also, the offset factors for 
voltage and temperature calculations are usually set to 
zero. Next, two known values of current (usually O mA 
and -1000 mA) are applied and the measured values 
reported by the MTA11200 are recorded. A current gain 


3.4 Communication 


The MTA11200 communicates battery status informa- 
tion via a 9600 baud RS-232 serial link. It can operate as 
a transmit only device via a single wire connected to the 
TXD pin and a ground return. Or, bidirectional commu- 
nication can occur via a three wire interface that uses the 
TXD, RXD, andCTS pins. Utilizing the three wire bidirec- 
tional mode during initial system calibration, and then 
switching to the single wire transmit only mode when the 
device is mated to a battery pack provides both a flexible 
and low cost battery monitoring solution. 


A data broadcast mode is provided that is especially 
useful when a single wire interface is desired. The 
MTA11200 will transmit battery status data spontane- 
ously when broadcast mode is enabled by setting the 
system parameter BRDINTVL to a nonzero value. 
BRDINTVL sets the interval between these data broad- 
casts. The amount of data that is sent during the broad- 
cast can either be a single byte that indicates the 
battery's state of charge in percent, or a 16 byte data 
packet that gives complete information about the bat- 
tery. The system parameter REPMODE controls the 
amount of data that is broadcast. 


Altemately, the three wire interface method uses a CTS 
handshake protocol that allows a host device to poll the 
MTA11200 for battery status data. Additionally, several 
commands are available that can be sent to the 
MTA11200 that allow the host to access the system 
control parameters stored in the EEPROM and perform 
other control functions. 


3.4.1 Data Format 


The following data format is broadcast by the MTA11200 
when transmitting data to the host. This 9600 baud 8,N,1 
RS-232 serial data format utilizes a 10-bit data frame 
that consists of 8 bits of message data and two control 
bits. All data to and from the MTA11200 is binary coded. 


Data Frame Format: 





Bit Description 
correction factor is then calculated from the known 
values of current versus the reported values. This cor- 1 Start Bit (always 1) 
rection factor is then written into the EEPROM. 2 Message Data Bit 0 , Isb 
Correction factors for voltage and temperature mea- 3 Message Data Bit 1 
surement are determined in a similar manner. Addition- ; 
ally, offset factors for voltage and temperature are - Message Data Bit 2 
required to ensure that the zero temperature point and 5 Message Data Bit 3 
the zero voltage point are correct. 6 Message Data Bit 4 
During normal operation the MTA1 1200 uses allof these 7 Messace Data Bit 5 
calibration factors to accurately compute the physical g 
quantities of voltage, current, and temperature from the 8 Message Data Bit 6 
elapsed time measurements. 9 Message Data Bit 7, msb 
10 Stop Bit (always 0) 
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3.4.2 Battery Parameter Data Packet 


When transmitting the complete set of battery status 
information, the MTA11200 transmits the following 
16-byte data packet: 


Byte (1) = Battery Voltage in mV (Isb) 

Byte (2) = Battery Voltage in mV (msb) 

Byte (3) = Battery Temperature in °C (Isb) 

Byte (4) = Battery Temperature in °C (msb) (signed) 
Byte (5) = Battery Current magnitude in mA (Isb) 
Byte (6) = Battery Current magnitude in mA (msb) 
Byte (7) = Battery State of Charge in % 

Byte (8) = Battery Error Byte 

Byte (9) = Battery Capacity in mA-hr (Isb) 

Byte (10) = Battery Capacity in mA-hr (msb) 

Byte (11) = Reserved 

Byte (12) = Reserved 

Byte (13) = Battery Status Byte 

Byte (14) = Measured dT/dt rate* 

Byte (15) = Reserved 

Byte (16) = Reserved 

To translate the battery data into physical quantities 
apply the following equations and decodes. 

Battery Voltage in volts = 

(Byte(2) * 256) + Byte(1) ) / 1000 


Battery Temperature in °C = 
(Byte(3) / 256) + Byte(4) 


Battery Current in Amps = 
(Byte(5) + (256 * Byte(6) ) ) / 1000 


Battery Capacity in Amp-hours = 

(Byte 9 + (256 *Byte(10) ) ) / 1000 

Measured dT/dt rate in degrees Celsius per minute = 
Byte (14) /32 


* Note: Byte 14 of the data packet is only valid when the 
MTA11200 is configured to use dT/dt fast charge 
termination, otherwise this byte is undefined 
(refer to Section 5.1) 


Battery Error Byte: 


Bit Description 

Fast Charge Time Out Error, 1 = true, 0 = false 
Low Temperature Error, 1 = true, 0 = false 
High Temperature Error, 1 = true, 0 = false 
Reserved 

Overvoltage Error, 1 = true, 0 = false 


6,5 0,0,1 = SOC below Low Battery Alarm (Low 
BAT) Limit (refer to Section 5.13) 


7,6,5 0,1,0 = SOC below Critical Battery Alarm 
(CRITBAT) Limit (refer to Section 5.5) 


7,6,5  0,1,1 = SOC below Battery Shutdown Alarm 
(SHUTDN) Limit (refer to Section 5.29) 


7,6,5 1,0,0 = SOC below EODV Limit (refer to Sec- 
tion 5.7) 


N && OND = O 


SOC = Indicated Battery State of Charge in 
percent 


Battery Status Byte: 

Description 

Sign of Current, 1= Charging, 0 = Discharging 
Reserved 

Reserved 

Reserved 


_ Charge Current Request, 1 = turn on current, 
0 = tum off current 


5 Capacity Measurement Request, 1 = true, 
0 = false 

6 Capacity Measurement in Progress, 1 = true, 
0= false 


7 Fast Charge Request, 1 = Fast charge, 
0 = maintenance charge 
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4.0 COMMANDS 


TABLE 1 - COMMAND SUMMARY 


Command : 
Read EEPROM byte 
Write EEPROM byte 


Send State of Charge (SOC) , 
Send Firmware Revision 
Send Battery Data 
reserved 

reserved 

Execute Self-test 


| 
| FO,XX XX= Address 


F1,XX, YY 


XX= Address 
YY= Data 


PFs Rev. Number(Hex) 
a 


n/a 


Start Capacity Measurement Cycle __ n/a 


Clear Battery Errors , 

Initialize EEPROM 

Reset 

Set A/D Reference Point 

Toggle EEPROM Lock 

High Speed Read EEPROM 


Force Capacity to 100% 


4.1. R EEPROM : FOW,XXh 


This command reads one Serial EEPROM byte at the 
specified address. Upon receiving this command, the 
MTA11200 issues a read command to the Serial 
EEPROM via the I?C bus. The Serial EEPROM re- 
sponds with the data at the specified address. The 
MTA11200 receives the serial EEPROM’s response 
and in turn transmits this data in RS-232 format on the 
TXD pin. | 


4.2 Write EEPROM Code: FOh,.XXh 


This command writes one byte of data to the Serial 
EEPROM at the specified address. Then a read of the 
EEPROM address is performed and the read data is 
transmitted back to the host. This adds additional secu- 
rity to the write operation by allowing the host to quickly 
verify that the data was written correctly. 


When the WRITE EEPROM command is received the 
MTA11200 issues a write command to the Serial 
EEPROM on its I?C bus port (SCL and SDA). The 
MTA11200 then issues a read command to the Serial 
EEPROM via the I?C bus. When the Serial EEPROM 
responds with the data at the specified address the 
MTA11200 forwards the serial EEPROM’s response to 
the host by transmitting this data in RS-232 format on 
the TXD pin. 


a See "ee 
FA,XX,...,.XX 
FB 





4.3 Send State Of Charge Code: F2h 


The MTA11200 will transmit a single byte that indicates 
the battery's intemal state of charge in response to the 
Send State of Charge command. This byte is limited to 
the range from 0 to 64h inclusive and indicates from 0% 
to 100% state of charge. 


4.4 Send Firmware Revision Code: F3h 


In response to this command the MTA11200 will trans- 
mit a single byte that indicates the intemal firmware 
version and revision. The most significant four bits of this 
byte represent the version number and the least signifi- 
cant four bits indicate the revision status. 


Note: There is no predefined correlation between the 
firmware version and the MTA11200 revision 
status as physically marked on the I.C. 
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4. nd Battery Dat : F4h 


The MTA11200 transmits a 16-byte data packet in 
response to this command. This data provides complete 
information about the present status of the battery. The 
data packet is defined as follows: 


Pt | Wotage SB 
2 | Werage ws 
[3 | Temperature SB 
[4 Temperature mS 
5 [eurents8 
8 | Curent 
7 stats of harps 
ee 
— 
10 
a 
2 
ee 
44 
ia ae 
36 













Measured Total Capacity Byte 1 
Measured Total Capacity Byte 2 


Reserved 


4. tart acit : F8h 
M rement | 


This command forces the initiation of a battery capacity 
measurement sequence in the MTA11200 controller. 
First the intemal discharge count register is cleared. 
Next, the MTA11200 will total all discharge current until 
the programmed End Of Discharge Voltage (EODV) is 
reached or the discharge is aborted (i.e. charge current 
is detected or current goes to zero). If the discharge is 
aborted then this capacity measurement cycle is aban- 
doned. Otherwise, the measured total capacity is copied 
to the internal total capacity register and is also written 
to system parameter MEACAP in the EEPROM. 


4.7 Clear Battery Error : F9h 


This command clears the error bits in the Battery Error 
Byte. The Time-out Error, Under-temperature Error, 
Over-temperature Error, and Overvoltage bits are all 
reset to zero. Additionally, if an error bit was set prior to 
receipt of the Clear Battery Errors command the associ- 
ated errorcounter in EEPROM willbe incremented when 
the error bit is reset. For example, if a Clear Battery 
Errors command is executed when the Over-tempera- 
ture error bitin the Battery Error Byte is set then the Over- 
temperature error bit in the Battery Error byte will be 
reset andthe errorcounter HITERRS in EEPROM willbe 
incremented. 


4.8 Initialize EEPROM : FAh 


This command is used to initialize the MTA11200 sys- 
tem parameters in external EEPROM. The MTA11200 
accepts 128 bytes of data that will be written sequentially 
into the EEPROM starting at location 0. The MTA11200 
suspends all operations while receiving this data and 
writing it to the EEPROM. This allows the EEPROM data 
to be initialized at a much faster rate than using the 
single-byte Write EEPROM command. 


4.9 Reset : FBh 


This command initiates a power up reset sequence in 
the MTA11200 controller. First, all internal registers and 
operating parameters are cleared. Next, the present 
state of charge is reset to zero percent and the total 
battery capacity is read from location MEACAP in 
EEPROM and normal operation begins. This command 
has the effect of driving the CLR pin from low to high. 


4.10 Set A/D Reference Code: FCh 


This Set A/D Reference command causes the MTA11200 
to measure and record a reference point for the A/D 
converter. The MTA11200 maintains the A/D’s high 
accuracy by using this reference point to compensate for 
drift in the A/D circuits over time and temperature. This 
command is usually issued only once during the normal 
operating life of the battery monitoring system. It is 
normally issued as the first step of the A/D calibration 
process. 


The MTA11200 measures the amount of time that 
elapses from when it tristates the RAMP pin until the 
REFC pin goes to a high state. When the Set A/D 
command is issued this value is then stored as the A/D 
reference point in EEPROM at location REFVAL. Sub- 
sequently, during each conversion cycle the stored 
value is compared with the measured amount of time 
and all A/D measurements are compensated accord- 


ingly. 
4.11 Reserv mmands -(Fxh 


Command codes F5h and F6h are reserved and should 
not be sent to the MTA11200. Unpredictable operation 
may result if the MTA11200 receives one or more 
reserved command codes. 


4.12 Un ifi mman 


Command codes not in the range of FOh to FFh are 
unspecified. The MTA1 1200 willcompletely ignore com- 
mand codes that are not within the range FOh to FFh. 


4.13 High EEPROM R : FEh 


This command reads 128 Serial EEPROM bytes starting 
with address 0. Upon receiving this command the 
MTA11200 enters a loop that reads a byte from the 
Serial EEPROM and transmits this data in RS-232 
format on the TRANSMIT pin. The loop continues until 
all 128 bytes have been read and transmitted. Note that 
in response to this command the data is transmitted 
spontaneously and cannot delayed or interrupted. 
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4.14 Toggle EEPROM Lock : FDh 


This command toggles the MTA11200’s internal 
EEPROM Lock bit. The MTA11200 responds by trans- 
mitting the new state of the EEPROM Lock where 00 
indicates locked and AA indicates unlocked. When 
locked all writes to the EEPROM are disabled except for 
writes to EEPROM addresses 20h through 2Fh. 


4.15 Force 100° it 
indication | Code: FEh 


This command forces the percent capacity indication to 
be setto 100% to force the MTA11200to behave as if the 
battery is fully charged. 


This command is provided to aid manufacturing testabil- 
ity of end products. 


4.16 Perform Self-test : F7h 


This command causes the MTA11200 to initiate a self- 
test sequence. Upon completion of the self-test se- 
quence asingle byte will be transmitted to indicate atest 
pass (AAh) or fail (any non-AAh data). Two checks of 
external circuits are included in the self test sequence. 
The state of RAMP pin is tested at 1 ms and 500 ms after 
the RAMP pin is driven from a low to tristate by the 
MTA11200. The RAMP pin must be low at the 1 ms 
sample point and high at the 500 ms sample point for this 
test to pass. If these conditions are not satisfied the 
MTA11200 will retum a01H code indicating an A/D ramp 
failure. 


Next, the LED outputs P20, P40, P60, and P80 are 
individually driven low in sequence starting with P20 for 
a period of 125 ms each. 
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5.0 CONFIGURATION PARAMETERS 


The MTA11200 is designed to work in conjunction with 
an external Serial EEPROM that stores configuration 
parameters for the MTA11200. The MTA1 1200 commu- 
nicates with the Serial EEPROM via the SCL and SDA 
pins. Standard |?C bus communication protocol is used. 


tion and variables that describe the characteristics of the 
battery that the TrueGauge is monitoring. These system 
parameters range from single-byte values to four-byte 
values. All multi-byte system parameters are stored in 
little endian (low byte first) format. 


All bytes and bits declared as reserved must be pro- 
grammed to a value of zero (0). 


The parameters that are stored in Serial EEPROM are 
variables that control the MTA11200’s mode of opera- 


TABLE 2 - SYSTEM PARAMETER STORAGE MAP FOR SERIAL EEPROM 


Addr (hex) Parameter | Addr (hex) Parameter | Addr (hex) Parameter | Addr (hex) Parameter 


oO ON Oa ah WD MY =| O 
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REVID 
BATINFO 
NOMCAP-: Ib 


NOMCAP - Imb 
NOMCAP - hmb 
NOMCAP - hb 


reserved 
reserved 
MAXTFC 
MINTFC 
MAXTMC 
MINTMC 
reserved 
MAXTV 
reserved 
reserved 
TONCHG 
CCCR 
USER 
USER 
USER 
USER 
DTDT 
OVTIM - lb 
OVTIM - hb 
EODV 
NDV 
LOWBAT 
CRITBAT 
SHUTDN 
REPMODE 
REPINTRVL 


TCC -Ib 
TCC-hb 
TOERRS 
LOTERRS 
HITERRS 
HIVERRS 
reserved 
reserved 
reserved 
reserved 
reserved 
reserved 


MEACAP - Ib 
MEACAP - Imb 
MEACAP - hmb 
MEACAP - hb 


REFVAL - lb 


REFVAL - hb 


VSC -lIb 
VSC - hb 
VOC - Ib 
VOC - hb 
ISC - Ib 
ISC - hb 
TSC - Ib 
TSC - hb 
TOC - Ib 
TOC - hb 


reserved 


reserved 
LAFCV-Ib 
LAFCV-hb 


Preliminary 


CESC(0) 
CESC(1) 
CESC(2) 
CESC(3) 
CESC(4) 
CESC(5) 
CESC(6) 
CESC(7) 
CESC(8) 
CESC(9) 
CESC(10) 
CESC(11) 
CESC(12) 
CESC(13) 
CESC(14) 
CESC(15) 
CEFT(0) 
CEFT(1) 
CEFT(2) 
CEFT(3) 
CEFT(4) 
CEFT(5) 
CEFT(6) 
CEFT(7) 
CEFT(8) 
CEFT(9) 
CEFT(10) 
CEFT(11) 
CEFT(12) 
CEFT(13) 
CEFT(14) 
CEFT(15) 


SDFT(0) Ib 
SDFT(0) hb 
SDFT(1) Ib 
SDFT(1) hb 
SDFT(2) b 
SDFT(2) hb 
SDFT(3) b 
SDFT(3) hb 
SDFT(4) b 
SDFT(4) hb 
SDFT(5) b 
SDFT(5) hb 
SDFT(6) b 
SDFT(6) hb 
SDFT(7) b 
SDFT(7) hb 
SDFT(8) b 
SDFT(8) hb 
SDFT(9) b 
SDFT(9) hb 
SDFT(10) b 
SDFT(10) hb 
SDFT(11) b 
SDFT(11) hb 
SDFT(12) b 
SDFT(12) hb 
SDFT(13) b 
SDFT(13) hb 
SDFT(14) hb 
SDFT(14) hb 
SDFT(15) hb 
SDFT(15) hb 
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5.0 CONFIGURATION PARAMETERS 
(LISTED IN ALPHABETICAL 
ORDER) 

5.1 BATINFO. 

Battery Information Byte 

EEPROM Address th 

Allowable Range Number of cells = 0 to 15 

Typical Value N/A 

Stored Value (See below) 

The battery information byte specifies the number of 

series connected cells in the battery pack and the fast 


charge termination technique being used. Parallel con- 
nected cells should only be counted as one cell. 


Stored Value: 
Bits 7-4: Number of cells in the battery pack (0-15) 
Bits 3-2: Reserved (unused) 


Bit 1: Voltage Limit Fast Charge Termination, 
41=enabled, 0 = disabled 
Bit 0: Fast Charge Termination Technique, 
— 1= dT/dt, 0 =-AV 


Bits 0 and 1 are mutually exclusive. If voltage limit fast 


charge termination is enabled then bit 0 is ignored and © 


-AV or dT/dt termination is disabled. 
Charge Cycles between Capacity Measurement 
Requests 


EEPROM Address 11h 

Allowable Range 0 to 255 

Typical Value 5 to 25 

Stored Value — Number of Charge Cycles 


The charge cycles between capacity measurement re- 
quests parameter specifies the number of full or partial 
charge cycles that occur before the MTA11200 willissue 
a request for a battery capacity measurement cycle. 


This request is indicated in the flag byte of the battery 
parameter's data packet. An internal counter is 
incremented each time fast charge mode is terminated 
by exceeding any of the following limits: dT/dt, -AV or 
absolute voltage. If a capacity measurement cycle 
successfully completes, then this internal charge cycle 
counter will be reset to zero. 


9.3 CESC(0 15) 

Charge Efficiency vs. State of Charge 
EEPROM Addresses 40h through 4Fh 
Allowable Range 0 to 99.6% 

Typical Value N/A 

Stored Value (% Efficiency) * 25.6 


The charge efficiency versus state of charge table is a 
sixteen-byte lookup table. These compensation param- 
eters adjust for the less than 100% charge acceptance 
efficiency that batteries display when charging. This 
table contains charge efficiency factors for the ranges of 
percent capacity from 0% to 3% and 90% to 100%, in 1% 
increments. The capacity range from 4% to 89% is 
compensated with a single factor. Each entry in the table 
specifies charge efficiency as a fraction of 256. A value 
of 128 (07Fh) indicates 50% charge efficiency whereas 
a value of (OECh) indicates 92.2% charge efficiency. 


TABLE 3 - CHARGE EFFICIENCY VS STATE 
: OF CHARGE COMPENSATION 


|Addr| Parameter | Definition 
4th |cesc() | Chg eff. forchg state 1% | 
[42h |CESC(2) | Chgeff.forchg state 2% 
[44h_[cesc(a) | Chg off. for chg state 4% to 89%, 
45h_|CESC(5) | Chg eff. forchg state 20% 
47h 













}48n_[CESC(®) | Chgett.forchg state 93% | 
49h |CESC(®) | Chg eff. forchg state 94% | 
4Bh 
4ch 
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5.4 CEFT(0-15) 


Charge Efficiency versus Temperature 


EEPROM Addresses 50h through 5Fh 
Allowable Range 0 to 100% 

Typical Value N/A 

Stored Value (% Efficiency) * 2.56 


The charge efficiency versus temperature table is a 
sixteen-byte lookup table. These compensation param- 
eters adjust for the decrease in charge acceptance 
efficiency that batteries typically exhibit as their tem- 
perature increases. This table stores compensation 
factors for a temperature range of 0°C to 60°C, in 4°C 
increments. Each entry in the table specifies charge 
efficiency as a fraction of 256, which indicates 100% 
charge efficiency. For example, a value of 128 (07Fh) 
indicates 50% charge efficiency and a value of 253 
(OFDh) indicates 98.8% charge efficiency. 


TABLE 4 - CHARGE EFFICIENCY VS CHARGE 
STATE COMPENSATION TABLE 


[Addr] Parameter | Definition 
[50h _| CEFT(O) | Chg eff. for temperature 0°C _| 
52h 













53h 

54h 
56h 
Chg eff. for temperature 40 °C 
[5Bh | CEFT(11) 
Chg eff. for temperature 48 °C 
°C 
°C 


> 










CEFT(13) | Chg eff. for temperature 52 
5Eh | CEFT(14) | Chg eff. for temperature 56 
CEFT(15) 


Chg eff. for temperature 60 °C 


5.5 CRITBAT 


Critical Battery Level 
EEPROM Address 1Ch 


Allowable Range SHUTDN < CRITBAT 
< LOWBAT 
Typical Value 3% 


Stored Value Integer limit in % 


Abit in the FLAGBYTE portion of the battery parameter 
data packet is set when the battery state of charge is less 
than the CRITBAT limit. The MTA11200 will indicate a 
critical battery level and mask off a low battery level 
indication in response to state of charge falling below 
this limit. Conversely, the critical level indication will be 
cleared and the low battery level alarm will be unmasked 
when the state of charge exceeds the CRITBAT limit. 
The programmed value of this parameter must be be- 
tween the limits set for the SHUTDN and LOWBAT 
parameters. 


5.6 DTDT 

Delta Temperature Delta Time 
EEPROM Address 16h 

Allowable Range 0 to 7.97 °C/minute 
Typical Value 0.5 to 1.0 °C/minute 
Stored Value (°C/minute) * 32 


This parameter specifies the rate of change in tempera- 
ture in degrees Celsius over a one minute interval that 
will terminate a fast charge request. For example, to set 
a0.625 °C/minute rate termination limit the DTDT stored 
value would be .625 *32 = 20. 


5.7 EODV 


End of Discharge Voltage 


EEPROM Address 19h 

Allowable Range 0 to 65.28 Volts 

Typical Value NiCd (1.0V to 1.1V) * (# of cells) 
NiMH (1.0V to 1.1V) * (# of cells) 
Pb (1.7V to 1.8V) * (# of cells) 

Stored Value (Limit in Volts) / 0.256 


The End Of Discharge Voltage parameter specifies the 
battery voltage when the battery is at 0% capacity. It is 
the value indicated by EODV is multiplied by 256mvV to 
obtain the specified end of discharge voltage for the 
battery. This parameter establishes an end point for the 
battery state of charge calculation. It also prevents the 
MTA11200 from requesting fast charge when the bat- 
tery voltage is less than EODV. A typical value for both 
NiCd and NiMH battery packs is calculated by multiply- 
ing 1.05V times the number of cells in the battery pack. 
This formula assumes that the cells are electrically 
connected in a series fashion. 





© 1994 Microchip Technology Inc. 


Preliminary 


DS40104C—page 15 





MTA11200 





5.8 HITERRS 


Over Temperature Errors 


EEPROM Address 24h 

Allowable Range 0 to 255 

Typical Value 0 

Stored Value Number of Errors 

This parameter is incremented each time an Over Tem- 
perature Error, as defined by the MAXTFC or MAXTMC 
parameters, occurs and is acknowledged by a host via 
the RS-232 link. This error counter will be incremented 


immediately after the host issues a clear battery errors 
command if an over temperature error has occurred. 


9 HIVERR 


Over Voltage Errors 


EEPROM Address 25h 

Allowable Range 0 to 255 

Typical Value 0 

Stored Value Number of Errors 

This parameter is incremented each time an Over Volt- 
age Error, as defined by the MAXTV parameter, occurs 
and is acknowledged by the host. This error counter will 
be incremented immediately after the host issues aclear 


battery errors command if an over voltage error has 
occurred. 


5.10 ISC 


Current Slope Correction 
EEPROM Address 36h (Isb) and 37h (msb) 


Allowable Range 0 to 65535 
Typical Value 256 (100h) 
Stored Value Current Gain * 256 


The Current Slope Correction factor provides a fixed 
gain that is applied to the A/D conversion calculation of 
the battery current. Gain factors from 1/256 to 255 are 
available. This factor is normally determined when the 
A/D converter is calibrated. A value of 100h corre- 
“sponds to a gain of 1.0. 


5.11 LAFCV 
Lead Acid Fast Charge Cutoff Voltage 
EEPROM Address _— 3Eh (Isb) and 3Fh (msb) 


Allowable Range 0 to 65.28V 

Typical Value Pb (2.5V to 2.7V) * number of 
cells 

Stored Value Volts / 1000 


The Lead Acid Fast Charge Cutoff Voltage applies when 
voltage limit fast charge termination is specified by 
parameter BATINFO. This is a sixteen-bit (two-byte) 
value that indicates the termination voltage in 1mV 
increments. A value of 13450 (348A HEX) specifies a 
13.340V termination limit. 


Voltage limit termination is generally the preferredmethod 
of fast charge termination used with lead acid batteries. 


5.12 LOTERRS 


Under Temperature Errors 


EEPROM Address 23h 

Allowable Range Oto 255 

Typical Value om 

Stored Value Numbers of Errors 

This parameter is incremented each time an Under 
Temperature Error, as defined by the MINTFC or 
MINTMC parameters, occurs and is acknowledged by 
the host. This error counter will be incremented immedi- 


ately after the host issues a clear battery errors com- 
mand if an under-temperature error occurs. 


5.13 LOWBAT 


Low Battery Warning Level 


EEPROM Address 1Bh 

Allowable Range CRITBAT < LOWBAT < 100% 
Typical Value 5% 

Stored Value Integer limit in % 

A bit in the ERRORBYTE portion of the battery param- 
eter data packet is set when the battery state of charge 
is less than the LOWBAT limit. This alarm sets the 
appropriate bit in ERRORBYTE. No other action by the 
MTA11200 is taken in response to the alarm. The value 
of this parameter must be greater than the CRITBAT 
limit and less than 100%. 


5.14 MAXTEC 


Maximum Temperature for Fast Charge 
EEPROM Address 8h 


Allowable Range 0 to 255 °C 
Typical Value 40 °C to 50 °C 
Stored Value Integer limit in °C 


Maximum Temperature for Fast Charge specifies the 
maximum temperature limit for fast charging. If the 
temperature exceeds this limit fast charging will be 
terminated. MAXTFC is an 8-bit (1-byte) value that 
indicates the temperature limit value in 1°C increments. 
For example, a value of 40 (28h) equals a 40 °C over 
temperature fast charge termination limit. 


5.15 MAXTMC 
Maximum Temperature for Maintenance Charge 


EEPROM Address OAh 

Allowable Range 0 to 255 °C 
Typical Value 50 °C to 60 °C 
Stored Value Integer limit in °C 


Maximum Temperature for Maintenance Charge speci- 
fies the maximum temperature limit for maintenance 
charging. If the temperature exceeds this limit all charg- 
ing will be terminated. MAXTFC is an 8 bit (1 byte) value 
that indicates the temperature limit value in 1 °C incre- 
ments. For example, a value of 50 (32h) equals a 50 °C 
over temperature charge termination limit. 
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5.16 MAXTV 


Maximum Terminal Voltage 


EEPROM Address ODh 

Allowable Range 0 to 65.28 Volts 

Typical Value NiCd (1.5V to 1.7V) * (number of 
cells) 
NiMH (1.5V to 1.7V) * (number of 
cells) 


Pb (2.8V to 3.0V) * (number of 
cells) 


Stored Value (Limit in Volts) / 0.256 

Maximum Terminal Voltage specifies the maximum 
voltage allowed during charging. If the battery voltage 
exceeds this value then all charge requests, both fast 


and maintenance charging will be terminated and the 
CHG pin will be driven low. 


The actual terminal voltage is obtained by multiplying 
the value stored in MAXTV by 256mV. 


5.17 MEACAP 


Measured Battery Capacity 


EEPROM Address 2Ch(Isb) through 2Fh(msb) 
Allowable Range 0 to 2,087,831 mA-hr 

Typical Value Nominal Battery Capacity 
Stored Value (Capacity in mA-hr) *(2057.14) 
This parameter is updated with the measured capacity 
of the battery each time a manual or automatic battery 
capacity calibration is performed by the MTA11200. A 


four-byte value is stored that indicates the measured 
capacity in mA-Sec /1.75. 


9.18 MINTFC 
Minimum Temperature for Fast Charge 
EEPROM Address 9h 

Allowable Range 0 to 255 °C 
Typical Value 10°C 

Stored Value 


Minimum Temperature for Fast Charge specifies the 
minimum temperature limit for fast charging. If the tem- 
perature is below this limit fast charging will be termi- 
nated. MINTFC is an 8-bit (1-byte) value that indicates 
the temperature limit value in 1°C increments. For ex- 
ample, a value of 10 (OAh) equals a 10°C under tem- 
perature fast charge termination limit. 


Integer limit in °C 


5.19 MINTMC 
Minimum Temperature for Maintenance Charge 
EEPROM Address OBh 

0 to 255 °C 

Typical Value 0°C 

Stored Value 


Minimum Temperature for Maintenance Charge speci- 
fies the minimum temperature limit for maintenance 
charging. If the temperature is below this limit all charge 
requests will be terminated. MINTMC is an 8-bit (1-byte) 
value that indicates the temperature limit value in 1 °C 
increments. For example, a value of 5 equals a 5 °C 
under temperature charge termination limit. 


5.20 NDV 
Negative Delta Voltage Threshold 


EEPROM Address 1Ah 
Allowable Range 0 to 255 mV 


Typical Value NiCd (2mV to 4mV) * (number of 
cells) 


NiMH (imV to 2mV)* (number of. 
cells) 


Pb n/a 
Limit in mV 


Allowable Range 


Integer limit in °C 


Stored Value 


The Negative Delta Voltage Threshold specifies the 
amount of voltage decay that is required for termination 
of afast charge cycle. This voltage decay is referenced 
from the peak voltage obtained during the fast charge 
cycle. AV termination must be enabled in the BATINFO 
parameter forthis threshold voltage to control fast charge 
termination. 


5.21 NOMCAP 


Nominal Battery Capacity 


EEPROM Address = 2h(Isb) through 5h(msb) 
Allowable Range 0 to 2,087,831 mA-hr 

Typical Value Nominal Battery Capacity 
Stored Value (Capacity in mA-hr) *(2057.14) 


This parameter is a storage location for saving the rated 
capacity of the battery pack. With this information a 
smart host can determine if the battery has reached end 
of life or is malfunctioning by comparing the rated 
capacity with the measured capacity. A four-byte value 
is stored that indicates the rated capacity in mA-Sec / 
1.75. This value is not used by the MTA11200 for any 
capacity calculations or error detection. 


Ce nn inmmmnmesinieunmmmnmmmenmnaenmnemmnemeecceeneteenriese enema 
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.22 OVTIM 
Override Timer | 


EEPROM Address = 17h(Isb) and 18h(msb) 
Allowable Range 0 to 114686 seconds 


Typical Value 1.5 * ((Nom. capacity mA-hr) 
*3600sec/hr) /(Fast chg rate mA)) 
Stored Value (Limit in seconds) / 1.75 
The override timer specifies the maximum amount of 
time that a fast charge cycle is allowed to be active. If a 
fast charge cycle exceeds this time limit a time-out error 
is logged. The time limit is calculated by multiplying the 
value of OVTIM by 1.75 seconds. 


5.23 REFVAL 


A/D Reference Value 


EEPROM Address  30h(Isb) and 31h(msb) 
Allowable Range 0 to 64535 

Typical Value N/A 

Stored Value Reference level 

This location is where the MTA11200 stores the A/D 


reference value that is set during the A/D calibration 
procedure. : 


5.24 REPMODE 
Reporting Mode 


EEPROM Address’ 1Eh 
Allowable Range N/A 
Typical Value N/A 
Stored Value (See below) 


Reporting Mode defines the amount of data broadcast 
by the MTA11200 when broadcasting is enabled as well 
as the type of data output on the LED drive pins P20, 
P40, P60, and P80. REPMODE is defined as follows: 


Bits 7 Broadcast data select, 1 =send entire 16-byte 
battery parameter packet. 0 = send only the 
single byte percent capacity indication. 


Bit 6-1: Reserved (program to 0) 


Bit O LED mode select, 1 = LED outputs are BCD 
code 0 through 10 that represents 0 percent to 
100 percent remaining battery capacity in 10% 
increments, O = LED outputs represent dis- 
crete >20%, >40%, >60%, and >80% levels. 


5.25 REPINTRVL 


Report Interval 


EEPROM Address’ 1Fh 

Allowable Range 0 to 222.25 seconds 

Typical Value 5.25 to 31.5 sec 

Stored Value (Interval in seconds) / 1.75 

The report interval byte specifies the interval between 
battery data broadcasts on the RS-232 link. The time 
between data broadcasts from the MTA11200 will be 
1.75 seconds times the value contained in REPINTRVL. 
If a polling scheme of communication is desired then 
REPINTRVL can be set to zero and will battery data 
broadcasting will be disabled. 


5.26 Reserved 


Reserved Locations 
EEPROM Address ‘Various 


Allowable Range 0 
Typical Value 0 
Stored Value 0 


All location listed as RESERVED are not presently used 
by the MTA11200. They are however reserved for future 
versions or revisions of the TrueGauge family. These 
locations must be initially programmedto a value of zero. 
EEPROM locations defined as USER are provided for 
general purpose data storage. 


9.27 REVID 
EEPROM Revision Identification 


EEPROM Address Oh 
Allowable Range 0 to 255 
Typical Value N/A 
Stored Value Revision 


This location allows a revision identifier to accompany 
the system parameter EEPROM data set. When a set of 
system parameters are defined for use with a particular 
battery and/or system an identifier can be allocated and 
stored at location REVID. This allows unique data sets 
to be identified. This REVID location is provided as a 
convenience feature only andnot used by the MTA11200 
for any control or monitoring functions. 
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.28 SDET(0-1 


Self-discharge as a Function of Temperature 


EEPROM Address _ 60h through 7Fh 
Allowable Range 0 65535 

Typical Value N/A 

Stored Value K 


The self-discharge versus temperature lookup table 
provides the factor K, that is used in the self-discharge 
compensation calculation: 


Compensated SOC = SOC - (SOC * (K / 24) 
SOC (State Of Charge) 


The battery state of charge is decreased once every 138 
seconds when battery is idle and this calculation is 
applied. The compensation factors cover the tempera- 
ture range of 0 °C up to 60 °C in 4 °C increments. For 
temperatures in excess of 60 °C, the 60 °C compensa- 
tion factor is applied. Similarly, for temperatures below 
0 °C the 0 °C factor is used. 


TABLE 5 - SELF-DISCHARGE VS 
TEMPERATURE COMPENSATION 
TABLE 


Definition 

61h, 60h Self-dischg const. for 0°C 
63h, 62h Self-dischg const. for 4 °C 
65h, 64h Self-dischg const. for 8 °C 
67h, 66h Self-dischg const. for 12 °C 
69h, 68h Self-dischg const. for 16 °C 
6Bh, 6Ah Self-dischg const. for 20 °C 
6Dh, 6Ch Self-dischg const. for 24 °C 
6Fh, 6Eh Self-dischg const. for 28 °C 
71h, 70h Self-dischg const. for 32 °C 
73h, 72h Self-dischg const. for 36 °C 
75h, 74h Self-dischg const. for 40 °C 
77h, 76h Self-dischg const. for 44 °C 
79h, 78h Self-dischg const. for 48 °C 
7Bh, 7Ah Self-dischg const. for 52 °C 
7Dh, 7Ch Self-dischg const. for 54 °C 
7Fh, 7Eh Self-dischg const. for 60 °C 










-29 SHUTDN 


Shutdown Alarm Limit 


EEPROM Address 1Dh 

Allowable Range 0 < SHUTDN < CRITBAT 
Typical Value 1% 

Stored Value Integer limit in % 

A bit in the FLAGBYTE portion of the battery parameter 
data packet is set when the battery state of charge is less 
than the SHUTDN limit. This alarm sets the appropriate 
bitin FLAGBYTE. The MTA11200 will mask off a battery 
critical level indication in response to this alarm. The 
alarm will be cleared and the critical level alarm will be 
unmasked when the state of charge exceeds the 
SHUTDN level. The value of this parameter must be 
between 0 and the CRITBAT limit. 


5.30 TCC 


Total Charge Cycle Counter 


EEPROM Address 20h (Isb) and 21h (msb) 
Allowable Range 0 to 65535 

Typical Value O (initial) 

Stored Value Number of charge cycles 

This parameter is incremented each time a charge cycle 


is terminated by exceeding a dT/dt, -AV or absolute 
voltage limit threshold. 


5.31 TOC 


Temperature Offset Correction Factor 


EEPROM Address = 3Ah (Isb) and 3Bh (msb) 
Allowable Range ——- -32766 (80h) to 32767 (7Fh) 
Typical Value 0 

Stored Value Voltage offset in °C / 256 

The Temperature Offset Correction factor provides a 
fixed value that is added to the A/D conversion calcula- 
tion of the Temperature. Offset factors from (-32766/ 
256) to (32767/256) °C are available. This factor is 


normally determined when the A/D converter is cali- 
brated. 
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5.32 TOERRS 

Time-out Errors Counter 

EEPROM Address 22h 

Allowable Range 0 to 255 

Typical Value 0 

Stored Value -Number of Errors 


This parameter is incremented each time a Time Out 
Error, as defined by the OVTIM parameter, occurs. This 
error counter will be incremented when the error is 
acknowledged when the host issues a Clear Battery 
Errors Command. 


5.33 TONCHG 

Fast Charge Turn On Threshold 
EEPROM Address 10h 

Allowable Range 0 to 100 
Typical Value 90%.to 96% 
Stored Value Threshold in % 


This parameter controls the point at which the charge 
controller will enter fast charge mode. 


5.34 TSC 

Temperature Slope Correction 

EEPROM Address 38h (Ilsb) and 39h (msb) 
Allowable Range 0 to 65535 

Typical Value 256 (100h) 

Stored Value Temperature Gain * 256 


The Temperature Slope Correction factor provides a 
fixed gain that is applied to the A/D conversion calcula- 
tion of the battery temperature. Gain factors from 1/256 


to (255+255/256) are available. This factor is normally . 


determined when the A/D converter is calibrated. 


5.35 USER 

User Storage 

EEPROM Address 12h through 15h 
Allowable Range N/A 

Typical Value N/A 

Stored Value N/A 


These locations are not used by the MTA11200 and will 
not be used by future versions. They are available to the 
user for general purpose data storage. 


5.36 VOC 

Voltage Offset Correction 

EEPROM Address 34h (Isb) and 35h (msb) 
Allowable Range -32768 (80h) to 32767 (7Fh) 
Typical Value 0 


Stored Value 


The Voitage Offset Correction factor provides a fixed 
value that is added to the A/D conversion calculation of 
the battery voltage. Offset factors from -32768mV to 
32767mV are available. This factor is normally deter- 
mined when the A/D converter is calibrated. 


Voltage offset in mV 


5.37 VSC 

Voltage Slope Correction 

EEPROM Address = 32h (Isb) and 33h (msb) 
Allowable Range 0 to 65535 

Typical Value 256 (100h) 


Stored Value Voltage Gain * 256 


The Voltage Slope Correction factor provides a fixed 
gain that is applied to the A/D conversion calculation of 
the battery voltage. Gain factors from 1/256 to (255+255/ 
256) are available. This factor is normally determined 
when the A/D converter is calibrated. 
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6.0 POWER ON RESET 


The MTA11200 incorporates an on-chip Power On 
Reset Timer which provides internal chip reset. An 
internal timer begins counting when a logic high level is 
detected on CLR. The MTA11200 remains in the reset 
state while this timer is running or anytime CLR is low. 
The timer expires 18mS (typical) after CLR goes high. 
Then the MTA11200 emerges from the reset condition 
and the remaining battery capacity is set to 0%. 


In order to ensure proper power-on reset when a battery 
provides the VDD power source, an extemal voltage 
level detector or “brown-out” circuit is recommended. 
This prevents CLR from reaching a valid logic high level 
when VpD less than VDD minimum, which can occur 
while the battery is in storage for long periods and its 
voltage is very slowly decaying to zero. 





The voltage level detector or brown out circuit should 
ensure that CLR is held low anytime VoD is less than the 
minimum operational VDD level for the MTA11200 and 
any external I.C.’s. This will prevent erroneous operation 
and inaccurate capacity gauging. 


7.0 APPLICATION EXAMPLE 


An example of a MTA11200-based battery monitoring 
andcharging system is shown in the following schematic 
(Document number 11200DTS). 


This example system provides battery state of charge 
information via the TXD output and the display LEDs. In 
normal operation, only three connections are required 
between the host and the battery subsystem. LOAD+ 
provides the charge and discharge current path and 
LOAD- is the system ground. TXD allows the host to 
receive battery status data in real time and connects to 
a receiver in the host. If the battery charging source is 
included in the host system then an additional connec- 
tion, to CHG, can be used. 


To connect to an extemal charging source (e.g. stand 
alone charger) only 3 connections between the charger 
and the battery system are required. 


In this case the connection to the CHG is needed andthe 
TXD connection usually is not needed. Again, LOAD+ 
provides the charge and discharge current path and 
LOAD- is the system ground. 


Additionally, the DISREQ output can control a discharge 
circuit within the charger (or host for that matter) to 
instruct the charger to fully discharge (to EODV) the 
battery. 


The extemal A/D components and the Serial EEPROM 
are routinely powered down to reduce power consump- 
tion when the MTA11200 is in the STANDBY state. The 
IDLE pin controls a transistor that switches the power 
bus to these circuits. The Serial EEPROM, comparators, 
current source, and their associated pull-up resistors 
and bias resistors are powered by this secondary power 
bus. 


The MTA11200, voltage regulator (U4), and dropout 
voltage detector are always powered up as long as there 
is sufficient battery power. The voltage regulator pro- 
tects the entire system from the battery voltage. It also 
provides the voltage that the A/D is referenced to. 


The voltage detector forces the entire battery monitor 
system to shut down if the battery voltage falls below the 
operational limits of the |.C.’s in the system. This is 
added insurance against data corruption for both trans- 
mitted and stored data. 
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7.1 mponent Selection 


7.1.1 Current Sense Resistor 


The MTA11200’s programmable features accommo- 
date a wide variety of battery types and load currents. 
The current slope correction factor stored in EEPROM 
defines the gain factor that the MTA11200 applies to the 
current measurement. By calibrating this gain factor and 
selecting the current sense resistor (R6) maximum 
sensitivity and dynamic range in the current measure- 
ments can be achieved. 


The maximum discharging current and the maximum 
charging current expected in normal operation are the 
parameters that determine the required value of the 
current sense resistor. The resistor for the example 
circuit is selected based on the following formula: 


Rsense <= 0.5V / Imax 


The 0.5V maximum voltage drop limits the power dissi- 
pated by the resistor to an acceptable value. It also 
results in good measurement resolution. 





7.1.2 Thermistor 


A wide variety of linear thermistors can be used in a 
MTA11200-based system. The programmable gain and 
offset factors for thermistor input can be adjusted to 
obtain accurate temperature readings. The thermistor 
and it’s associated bias resistors should be selected to 
ensure that voltage swing at the A/D comparator always 
remains within the range of the voltage ramp. 


7.1.3 Serial EEPROM 


The MTA11200 communicates with a 1Kbit Serial 
EEPROM organized as 128 bytes x 8 bits via standard 
l?C protocol. 
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8.0 DEVELOPMENT SYSTEM 


FEATURES | 


The MTA11200 development system is a full featured 
design environment to allow the system designer to 
design, validate and release full production products. 
The system includes: 


e NiCd and NiMH battery packs, complete with 
MTA11200 intelligent battery management systems 
attached. 


e Stand alone MTA11200 intelligent battery manage- 
ment system ready for customization. 


e Charger/discharger control board with PC RS-232 
cable and battery interface cable. 


e MTA11200 TrueGauge™ design software package 
for Windows™ 3.1 operating system. 


e International power supply 
e Complete documentation 


FUNCTION 


The MTA11200 development system part number 
DV114001 has been designedto allow the user to collect 


real time data from the TrueGauge system and display | 


it in a graphical format. In addition the software can log 
the data to disk for multiple design comparison or to 
archive current results for study at a later time. The data 
displayed can be one of four parameters: Voltage, 
Capacity, Temperature or Current. Voltage and Capac- 
ity are displayed concurrently as shown in Figure 8.1. 
The vertical scale shows capacity in percent between 
0.0 (0%) and 1.0 (100%). The voltage per cell is shown 
on the scale above 1.0 and is in volts. Note that time 
increases to the left. Temperature is displayed in Figure 
8.2 and current is displayed in Figure 8.3. The graphs 
read like a strip chart recorder with time increasing to the 
loft. 


FIGURE 8.1 - TRUEGAUGE VOLTAGE AND CAPACITY VS TIME 


TrueGauge is a trademark of Microchip Technology Inc. 
Windows is a trademark of Microsoft Corporation 
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M1A11200 Performance 





FIGURE 8.3 - CURRENT VS. TIME 





© 1994 Microchip Technology Inc. Prelimina ry DS40104C-page 25 
4-25 


MTA11200_ 





In addition to the display and recording of data the 
software allows the user to easily configure the system 
EEPROM. The data contained within the EEPROMis all 
of the system parameters that control howthe MTA11200 
operates. To ease in the setup and archiving of this data, 
the TrueGauge development software has a user friendly 
configuration panel. This allows the user to easily con- 
figure the system for use with their specific battery 
packs. An example of the control panel to support this 
operation is shown below in Figure 8.4. 


FIGURE 8.4 - CONFIGURATION CONTROL PANEL 
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9.0 ELECTRICAL CHARACTERISTICS 
9.1 Absolute Maximum Ratings t 


Ambient temperature under -55°C to +125°C bias 


Storage temperature -65°C to +150°C 
Voltage on any pin with -0.6V to (VDD +0.6V) 
respect to Vss (except VDD and CLR) 

Voltage on CLR pin with OV to +14.0V 
respect to Vss 

Voltage on VDD with OV to +9.5V 
respect to Vss 

Total power dissipation (Note 2) 800 mW 
Maximum current out of Vss pin 150 mA 
Maximum current into VDD pin 50 mA 
Maximum current into input pin +500 uA 
Maximum output current sinked 25 mA 


by any I/O or output pin 


Maximum output current sourced 20 mA 
by any I/O or output pin 





Notes: 


1. Voltage spikes below Vss at the CLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100Q should be used 
when applying a “low’ level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW 
for the package. The total power dissipation is calcu- 
lated as follows: Pdis= VDD x (IDD - SIOH) + S{(VDD - 
Vok) x IOH} +2( VOL x IOL). 
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10.0 DC CHARACTERISTICS 










Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C < TA < 70°C for commercial. 
Operating voltage VDD = 3.0V to 5.5V unless otherwise stated. 


DC CHARACTERISTICS 


Characteristic | Sym. | 


Supply Voltage 


Van start voltage to guarantee 


power-on reset 


Von rise rate to guarantee power- SVpp | 0.05(1) 
on reset 


IDD 
IsTBY(2) 

























Typ. 
Vss 


| V | Fosc=DC to 4 MHz 


J a 
Ea STANDBY Mode, Fosc= MHz, 


baa v 
iat OE 
mA 
pA 

VoD = 5.0V 

: V 
V 
V 
Vop V 
VDD V 
VoD V 
pA 
+5 pA 
+3 pA 
pA 
_ 6V V 
V 






Fosc = 4 MHz, Vpp a 5.5V 





Supply Current 

















Input Low Voltage 
CLR (Schmitt trigger) 

OSC1 (Schmitt trigger) 
All other Inputs 


VILMC 
ViILOSC 
VIL 










Input High Voltage 
CLR (Schmitt trigger) 

OSC1 (Schmitt trigger) 
All other Inputs 







Input Leakage Current 
CLR 
CLR 
OSC1 (Schmitt trigger) 









IILMCL 
IiLMCH 
liLMCH 
















| VPIN = Vss + 0.25V 
VPIN = VDD 
Vss < VPINS VDD 
+1 Vss < VPINS VDD 


Py loL = 1.6 mA, VoD = 4.5V 
on F | IOH =-1.0 mA, VDD = 4.5V 
Note 1: These parameters are based on characterization and are not tested. 


Note 2: The supply current in STANDBY mode is measured with all outputs unconnected and inputs tied to VoD or Vss. 


All other Inputs HL 
Output Low Voltage 

All other Outputs 
Output High Voltage 


All other Outputs 
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10.1 D haracter Graph 


FIGURE 10.1.1 - TYPICAL IsTBY vs VoD FIGURE 10.1.2 - MAXIMUM IsTBY vs VoD 
AT 25°C 
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© 1994 Microchip Technology Inc. Prelimina ry DS40104C—page 29 
4-29 





MTA11200° 
FIGURE 10.1.3 - VTH (INPUT THRESHOLD VOLTAGE) OF INPUT AND I/O PINS vs Vpp 


VTH (Input threshold voltage) of I/O pins 


—, 
2 
fe) 
= 
E 
> 


4.0 i 
VDD (volts) 





FIGURE 10.1.4 - VTH, VIH OF CLR INPUT vs Vpp 


VIH, VIL (volts) 


eo ae 
er 
Lee 


ae min (- -40°C to 85 eh 


VDD (volts) 
Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 10.1.5 - VTH OF CLR AND OSC1 INPUT vs Vpp 
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FIGURE 10.1.6 - TRANSCONDUCTANCE FIGURE 10.1.7 - IoH vs VoH, VoD = 3V 
(G,,) OF OSCILLATOR vs Vop 
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FIGURE 10.1.8 - loH vs VoH, VoD = 5V FIGURE 10.1.9 - loL vs VoL, VoD = 3V 
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Typical Capacitance (pF) 


anae™ 2.7OP Ton ox 


7 Max @ -40°C (600 mil) 


INPUTS and I/Os 4 
CLR | 17 
OSsC1 | 3 
OSC2 | 3 


1.5 
VoL (Volts) 
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11.0 AC CHARACTERISTICS 


AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 


Operating Temperature 0°C < TA < 70°C for commercial. 
Operating Voltage VDD = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


Characteristic | sym. | Min, Typ. 


a 
Oscillator Frequency 


RESET Timing 
CLR pulse width (low) 
Oscillator Start-up Timer Period | Tost (Note 1) Vop = 5.0 V 


Note 1: These parameters are based on characterization and are not tested. 
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11.0.1 A/D Timing Diagram and Specifications 


A/D Inputs 
Sample Window 


ZERO 


RAMP 


: Characteristic . Conditions: 
‘ Standard Conditions 
unless otherwise stated 
ZERO Pulse Period ; 
| 2 | ZERO Pulse Width 


3 RAMP Output Delay 
4 


| 4 | RAMP Pulse Width 
BATVC, REFC, ISENC, TEMPC 
A/D Input Window Delay Time 
BATVC, REFC, ISENC, TEMPC 
A/D Input Window Width 
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11.0.2 Host Communication Timing Diagram and Specifications 


ees 
Command 3 Broadcast 
Response Data 
TXD is \ > / \ 
Kf Kad 


/ \ Command 
RXD 


prt BittO Biti Bt2 Bits Bit4 BtS Bite  Bit7 Stop 
i Bit 


1 °K 


a BitO Biti Bt2 Bits Bit4 Bits Bit6 Bit7 Stop 
Bit 


Param. Characteristic Conditions: 
No. Standard Conditions 
an aii: otherwise stated 
— CTS Pulse Width Sete tre eo 


3 | RXD data to TXD (broadcast) a 
Delay 
TXD (broadcast) Data Packet TW:TXB 
Width 
TXD (Cmd Resp.) Data Packet TW:TXC 
Width 


[5 ro at Paka er [7 
ae a 
a oo 















nn 
P00 [10 [us| o800 Bau 


aa so 


RXD Bit Time 
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11.0.3 Charge Control Timing Diagram and Specifications. 















Param. Characteristic Typ. Conditions: 
No. | Standard Conditions 
unless otherwise stated 
CHG Output Low (Input TOL:CRG 
Preconditioning) Time 
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11.0.4 ’?}C Bus Timing Diagram and Specifications 













: Characteristic Conditions: 
. Standard Conditions 
unless otherwise stated 











Clock high time 
Clock low time 
3 SCL and SDA rise time 
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11.0.5 LED Timing Diagram and Specifications 


LEDREQ §=XXX XK OPI III III III _ KKK 


i a ene 









Param. Characteristic Typ. Conditions: 
No. Standard Conditions 
unless otherwise stated 


[1 [TEDRECinputSampiePeroa |Trna | ves [a7s[ ves | s | 
[2 [CEDRECinputwindow | _ftwra] | + || 3s 
wD 


P20, P40, P60, P80 TPW:LED 
Output Pulse Width hag 
12.0 PACKAGING DIAGRAMS AND DIMENSIONS 


See Section 11 of the Data Book. 

















Ds4o1 04C-page 38 | Prelimina ry © 1994 Microchip Technology Inc. 
4-38 


MTA11200 





NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, ¢.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO.- X /XX X 


Ty Revision 


Package: 28L PDIP (600 mil) | 
300 mil SOIC (Gull Wing Lead) 
28L PDIP (300 mil) 


SSOP (209 mil) 


Temperature 
Range: 0°C to +70°C (T for tape/reel) 


MTA11200 
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PS/2® Mouse and Trackball Controller IC. 





FEATURES 


Single-chip two-button mouse or trackball controller 
10 KHz IBM® PS/2® interface 
IBM PS/2 mouse compliant 


e Selectable Mouse or Trackball resolutions 


Strobed motion encoders for reduced system power 
consumption 


Motion sampling rate of 8700 Samples/second 


Proprietary anti-jitter algorithm simplifies motion 
encoder interface 


Available In: 


— 18-lead 300 mil PDIP 
— 18-lead 300 mil SOIC 
— 20-lead 209 mil SSOP 


FIGURE A - PIN CONFIGURATIONS 


PDIP, SOIC 


1 


DATA ~#? 
CLK <-> 
OSC1 ~t— 
OSC2 —> 
Vpp ~<«+— 
QDRV —> 
DBTN ~#— 
VERT1 ~#— 
VERT2 ~t— 


OLLLDV.LIN 


2 
3 
4 
5 
6 
7 
8 
9 


IBM and PS/2 are registered trademarks of IBM Corp. 





DESCRIPTION 


The MTA41110 is the heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
an IBM PS/2 compliant mouse or trackball controller. 
The mouse select and drag operation can be accom- 
plished with a trackball by using the optional drag lock 
input and drag lock LED. This allows for one handed 
select and drag operation when using a trackball. 


MTA41110 


The MTA41110 is an 18-lead low-power CMOS inte- 
grated circuit. Combined with a few simple extemal 
components, a complete mouse or trackball system can 
be realized. 


DATA “> 
CLK ~«> 
OSC1 <— 

OSC2 —> 
VoD ~#- 

VoD ~#- 

QDRV —> 
DBIN ~+— 
VERT1 ~t— 
VERT2 ~— 


e 
— 


DO ONDUN AWD 
OLLLDVLI 


The microcode contained in this product is copyrighted ©1993, all rights reserved. 
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1.0 PIN DESCRIPTIONS 


PIN NAME TYPE DESCRIPTION 

NC No Connect This pin should be left unconnected 

QDRV Output Active high strobed encoder drive 

HOR1 input Horizontal quadrature input #1 

HOR2 Input Horizontal quadrature input #2 

PBTN Input Primary mouse button. Active low , 0 = button depressed 

ABTN input Alternate mouse button. Active low, 0 = button depressed 

DBTN ; Input _ Optional trackball drag lock button. Active low, 0 = button de- 
pressed. For mouse operation connect this pin to VDD 

VERT1 Input Vertical quadrature input #1 

VERT2 Input Vertical quadrature input #2 

DLED Output Optional trackball drag LED. For mouse operation this pin isano 
connect and should be left unconnected 

OSC1 Input 4 MHz crystal or ceramic resonator connection 

OSC2 Output 4 MHz crystal or ceramic resonator connection 

DATA /O Bi-directional data port for PS/2 

CLK Input PS/2 data clock input 

MCLR Input A “low” voltage on this pin causes a reset condition for the 
MTA41110 controller 

| Vob - Pwr +5V 
Vss Pwr Ground 
2.0 OPERATION 2.1 PS/2 COMMAND 


Upon power-up, the MTA41110 mouse controller ini- 
tiates an internal reset sequence. First, all intemal 
registers and communication parameters are cleared. 
Next, the status registers are set to the default condition. 
Finally, if the MTA41110 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a 00h in response. This notifies the host 
that the initialization is complete and that the controller 
is astandard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom- 
mended behavior of issuing a Reset command as the 
first command after power-up. 


The MTA41110 always confirms reception of a com- 
mand sent by the host by returning an acknowledge byte 
(FAh). if the host interrupts the transmission of the 
acknowledge byte, the MTA41110 discards the com- 
plete command. The MTA41110 is then ready to receive 
andacknowledge the next command. Two exceptions to 
the acknowledge after command received rule exist. 
The MTA41110 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 


Command Summary: 





Command Code, Data 
Reset FFh 
Resend FEh 

Set Default F6h 
Disable Reporting F5h 
Enable Reporting F4h 

Set Report Rate F3h , XXh 
Read Device Type F2h 

Set Remote Mode FOh 

Set Wrap Mode EEh 
Reset Wrap Mode ECh 
Read Data EBh 

Set Stream Mode EAh 
Status Request E9h 

Set Resolution E8h , XXh 
Set Scaling E7h 
Reset Scaling E6h 
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2.1.1 Reset Code: FFh 


This command initiates a reset sequence in the 
MTA41110 mouse controller. First, all internal registers 
and communication parameters are cleared. Next, the 
status registers are set to the default condition. Finally, 
the MTA41110 transmits a AAh followed by a OOh, this 
informs the host that the initialization is complete and 
that the controller is a standard mouse type. 


2.1.2 Resend Code: FEh 


Anytime the MTA41110 controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a Resend is received by the 
controller it will clear its motion and displacement 
counters. 


The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
command, it will retransmit the last data packet transmit- 
ted. If the last packet transmitted was a Resend com- 
mand, the packet prior to the last packet will be re- 
transmitted. 


2.1.3 Set Default Code: F6h 


The Set Default command re-initializes all controller 
parameters to the power-up state. The controller initial- 
izes the following status registers. 


Report rate: 100 reports per second 
Scaling: Linear 

Mode: Streaming 

Resolution: Physical Resolution / 2 
Reporting: Disabled 


This command does not initiate any self-test diagnos- 
tics. The controller remains in the disabled state until 
another command is received from the host. 


2.1.4 Disable Reporting Code: F5h 


The Disable Reporting command prevents data trans- 
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com- 
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 


Code: F4h 


The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 


2.1.5 Enable Reporting 


2.1.6 Set Report Rate Code: F3h , XXh 


This command updates the report rate status register 
with the data contained in the second byte of the com- 
mand. However, the physical report rate remains fixed at 
40 times per second. This command only exists to 
ensure compatibility. 


2.1.7 Read Device Type Code: F2h 


The controller always transmits a 00h in response to 
receiving this command. This informs the host that a 
standard mouse is present. 


2.1.8 Set Remote Mode Code: FOh 


Remote Mode is entered when the controller receives 
this command. In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 


2.1.9 Set Wrap Mode Code: EEh 


Wrap Mode is entered when the controller receives this 
command. In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands will cancel Wrap 
Mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting Mode, Stream Mode or Remote Mode. 


2.1.10 Reset Wrap Mode Code: ECh 


This command cancels Wrap Mode. The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 


2.1.11 Read Data Code: EBh 


The controller will transmit an event packet to the host 
after a read data command is received. This command 
can be issued in either the Remote or Stream Modes. 
The controller will transmit data even if there has not 
been any button changes or motion since the last report. 
The controller clears the motion counters after ever read 
data command. 


2.1.12 Set Stream Mode Code: EAh 


The controller will enterthe Stream Mode upon receiving 
this command. In Stream Mode, event packets are 
transmitted to the host as they occur. 


RPO RE IEEE ICE AACE AAA DTPA TS TE AAA IEE PR AE a EAST AE PAO TE SiR PR PA: RS STR SO AAS TI STE SS SS TP SE TE AIT TS ETS SOS LET TT EST TTE, 
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2.1.13 Status Request Code: E9h 


A three byte status report packet will be transmitted in 
response to this command. These status bytes are 
defined as follows: 


Byte 1: 


Description | 

1 = Secondary Button Depressed 
Reserved . 

1 = Primary Button Depressed 
Reserved 

1 = 2:1 Scaling 

1 = Enabled 

1 = Remote Mode 

7 Reserved 


Byte 2: Current Resolution 
Byte 3: Current Sample Rate 


2.1.14 Set Resolution Code: E8h , XXh 


The controller provides four resolutions selected by the 
second byte of this command. The effective resolution 
is the physical device resolution divided by the divisor 
indicated below. 


Second Byte Description 
0 divide by 8 
1 divide by 4 
2 divide by 2 © 
3 ~ divide by 1 
2.1.15 Set Scaling Code: E7h 


This command has no effect on resolution and only 


exists to ensure compatibility. 
2.1.16 Reset Scaling Code: E6h 


This command resets the scaling to 1:1 (input count 
equals reported count). 


2.2 PS/2 Message Data Format 


The following PS/2 compliant data format is used by the 
MTA41110 when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
11 bit data frame that utilizes 8 bits for message data and 
3 bits for control. 


Data Frame Format: 


Bit Description 

Start Bit (always 0) 
Message Data Bit O , LSB 
Message Data Bit 1 
Message Data Bit 2 
Message Data Bit 3 
Message Data Bit 4 
Message Data Bit 5 
Message Data Bit 6 
Message Data Bit 7 , MSB 
10 Parity Bit (odd parity) 

11 Stop bit (always 1) 


The MTA41110 mouse controller transmits the following 
three byte data packet in response to a Read Data (EBh) 
command or when operating in Stream Mode with 
reporting enabled. 


OON OA ARAN = 


Status Message Data Byte 1: 


Bit Description 

0 1 = Primary Button Depressed 

1 1 = Secondary Button Depressed 
2 Reserved 

3 Reserved 

4 X data sign, 1 = negative 

5 Y data sign, 1 = negative 

6 X data overflow, 1 = overflow 

7 Y data overflow, 1 = overflow 


Status Message Data Byte 2: 
Delta X motion 

Status Message Data Byte 3: 
Delta Y motion 
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3.0 MOTION ENCODER INTERFACE 


The MTA41110 is designed to interface to both optical 
encoders that utilize LED and photo transistor pairs with 
a chopper wheel or mechanical encoders that utilize a 
commutator with wiper contacts. 


Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MTA41110 will drive the QDRV output high 8 uS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
QDRV output will be driven back low 2 us after the 
sample is taken. If power consumption is not a concern, 
then the QDRV output can be left unconnected and 
encoders can be powered directly from a constant 
supply (e.g. +5V power). 


An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 
state table along with Figures 3.1 and 3.2. 


FIGURE 3.1 - POSITIVE MOTION SEQUENCE 


Positive Motion: 


Hor1 ,Hor2 / 
Vert1, Vert2 


0,0 
0,1 
1,1 Positive Direction Sequence 
1,0 
0,0 
etc. 


Description 





Negative Motion: 


Hor1 ,Hor2 / 
Vert1 Vert2 


0,0 
1,0 
1,1 Negative Direction Sequence 
0,1 
0,0 
etc. 


The HOR and VERT inputs are sampled at ~8700 
samples per second with a 4 MHz input clock. The 
sample rate will decrease slightly when communication 
traffic to or from the host is occurring. The sample rate 
is directly proportional to the clock frequency on the 
OSC1 and OSC2 pins. 


Description 








FIGURE 3.2 - NEGATIVE MOTION SEQUENCE 
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4.0 PUSH-BUTTON INPUTS 


The MTA41110 push-button inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled in the high state, the appropriate 
message data bit will be set equal to zero. 


5.0 TRACKBALL OPTION 


The MTA41110 can also function as a trackball control- 
ler. A trackball drag lock switch can be connected to the 
DBTN input and an LED indicator connected to the 
DLED output to aid in one-handed trackball operation. 


When using a mouse, a Select and drag operation is 
performed by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball, it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. | 


FIGURE 5.1 - TRACKBALL DRAG LOCK OPERATION 


The MTA41110’s “drag lock” feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the “locked” state by momentarily applying a lowto the 
DBTN input. This “locked” state is equivalent to de- 
pressing and holding the primary mouse button. The 
user then guides the object to the desired location 
without having to hold a button depressed and simulta- 
neously guide the trackball. The object is placed andthe 
“lock” is released when a low (e.g. button depressed) is 
momentarily applied to any button input. 


The DLED output is latched in the low state (OV) when 


the DBTN input is sampled low (refer to Figure 5.1). The 





DLED output will remain low (“locked”) until the DBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if the PBTN input or 
SBTN input is sampled low when the DLED outputis low. 
When the DLED output is in low “locked” state, the 
Primary Button depressed bit in the status message is 
set high. 
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6.0 ELECTRICAL CHARACTERISTICS 
6.1 ABSOLUTE MAXIMUM RATINGS t 
-55°C to +125°C 


-65°C to +150°C 


Voltage on any pin with respect -0.6V to (VDD +0.6V) 
to Vss (except VDD and MCLR) 


Ambient temperature under bias 


Storage temperature 





Voltage on MCLR pin with OV to +14.0V 
respect to Vss 

Voltage on VDD with respect to Vss OV to +9.5V 
Total power dissipation (Note 2) 800 mW 
Maximum current out of Vss pin 150 mA 
Maximum current into VoD pin 50 mA 
Maximum current into input pin +500 pA 
Maximum output current sinked 

by any I/O or output pin 25 mA 
Maximum output current sourced 

by any I/O or output pin 20 mA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100 Q should be used 
when applying a “low” level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW for 
the package. The total power dissipation is calculated 
as follows: 


Ppis= VDD x (IDD - XIOH) + &{(VDD- VOH) x 1OH} +22(VOL 
x IOL) 
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6.2 DC CHARACTERISTICS MTA41110 (COMMERCIAL) 


DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
| Operating Temperature 0°C < TA < 70°C for commercial. 
Operating voltage VDD = 3.0V to 5.5V unless otherwise stated. 


Characteristic | sym. 


Supply Voltage 
VoD start voltage to guarantee VPOR 
power-on reset 


VbD rise rate to guarantee power- SVpD 
on reset 


Supply Current | ipo | 


Input Low Voltage 
MCLR (Schmitt trigger) VILMC 
OSC1 (Schmitt trigger) ViLosc 
All other Inputs VIL 
Input High Voltage 
MCLR (Schmitt trigger) VIHMC 
OSC1 (Schmitt trigger) VIHOSC — 
All other Inputs VIH 
4.0V < VoD <5.5V 
input Leakage Current 
MCLR HLMCL VPIN = VDD + 0.25V 
MCLR IILMCH VPIN = VoD 
OSC1 (Schmitt trigger) IILMCH VDD < VPINS VDD 
All other Inputs VoD < VPINS VDD 
Output Low Voltage 
OSC2 ; loL = 1.6 mA, VoD = 4.5V 
All other Outputs lo. = 8.7 mA, VDD = 4.5V 
Output High Voltage 
OSC2 IOH = -1.0 mA, VDD = 4.5V 
All Outputs IOH = -5.4 mA, VDD = 4.5V 





*These parameters are based on characterization and are not tested. 
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FIGURE 6.2.1 - INPUT THRESHOLD VOLTAGE (VTH) OF ALL INPUT AND I/O PINS EXCEPT 
MCLR AND OSC1 


VTH (Input threshold voltage) of Input pins 


~~ 
3 
= 
L 
5 


Vop (volts) 





FIGURE 6.2.2 - VIH, Vi. OF MCLR vs Vop 


45 5.0 5:5 
VDD (volts) 
Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 6.2.3 - INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 
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FIGURE 6.2.4 - loH vs VOH, VDD = 3V FIGURE 6.2.5 - IOH vs VoH, VDD = 5V 
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=5V 


FIGURE 6.2.7 - loL vs VOL, VDD 


=3V 


FIGURE 6.2.6 - loL vs VOL, VoD 
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6.3 AC CHARACTERISTICS MTA41110 (COMMERCIAL) 


AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 


Operating Temperature 0°C < TA < 70°C for commercial. 
Operating Voltage VoD = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


Characteristic ; Conditions 


Motion Encoder Timing 
QDRV | 
Pulse Period TQP (Note 2) 
Pulse Width Taw 
HOR1,HOR2,VERT1,VERT2 
Input Sample Setup Time TENS Before QDRV falling edge. 


Input Sample Hold TENH After QDRV falling edge. 
I/O Timing 

CLK High time 

CLK Low time 


DATA setup time to CLK falling 
DATA hold time to CLK rising 
Button Input Timing © 
PBTN, SBTN, DBTN 
Input Sample Period TBTP (Note 2) 
Input Sample Window width TBTW 





Notes: 
1. These parameters are based on characterization and are not tested. 


2. Sampling can be suspended if device is receiving data from host or transmission to host is inhibited by host (CLK 
held low) 
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FIGURE 6.3.1 - TIMING DIAGRAMS 
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7.0 APPLICATION EXAMPLE 


The MTA41110 controller can be configured as either a 
mouse ortrackballcontroller. Trackball systems require 
the addition of the components labeled as trackball only. 
These components allow support of a drag lock switch 
and indicator. A pull-up resistor for the drag lock switch 
must be included in trackball systems. For amouse, the 
DBTN input is simply connected to Vob. 





Three examples of motion encoders are shown in the 
schematics (Document Number 41 XXXEN). Two types 
of optical encoders and a mechanical type are shown. 
Since the MTA41110 employs an anti-jitter algorithm, 
the “basic” style of optical encoder or the mechanical 
encoder are both recommended for use with the 
MTA41110. Use of the “improved” style of optical en- 
coder that employs comparators may only be necessary 
in high noise environments. 


All button switches should be of the momentary contact 
type, including the drag lock switch. — 


7.1 Host tem Device Drivers © 


The MTA41110 is compatible with standard IBM PS/2 
device drivers. Additionally, host system software de- 
vice drivers for use with the MTA41110 are available 
from third party vendors. Contact your local sales office 
for a list of vendors currently offering device drivers that 
support the MTA41110. 
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Basic Mouse/Trackball Optical Motion Encoder 
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Improved Mouse/Trackball Optical Motion Encoder 
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8.0 PACKAGING DIAGRAMS AND DIMENSIONS 


See Section 11 of the Data Book. 


9.0 PACKAGE MARKING INFORMATION 


18L PDIP Example 


MTA41110/P 
© 1993 A 











AX\ AABB CDE AN 9123 CBA 


Example 









MTA41110/SO 
@ 1993 A 


oS 2118 CDK 





© 
rr 
w 
o 


oOAaBB CDE 





Example 








MTA41110 
© 1993 A 


909051 CBP 


N 
o 
r- 
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OAD AABB CDE 


Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 


Assembly code of the plant or country of origin in which 
part was assembled. 


Note: Inthe event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 
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SALES AND SUPPORT 


To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PARTNO. -X /XX X 


Ly Revision 


Package: | PDIP 
300 mil SOIC (Gull Wing Lead) 
209 mil SSOP 


Temperature 0°C to +70°C 
Range: -40°C to +85°C 


Device: MTA41110 
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Velocity Scaling Mouse and Trackball Controller I.C. 





FEATURES 


Single-chip two-button mouse or trackball controller 
that supports velocity scaling 
10 KHz IBM® PS/2® interface 


IBM PS/2 mouse compliant 


Selectable Mouse or Trackball resolutions 


Strobed motion encoders for reduced system power 
consumption 


Motion sampling rate of 8700 Samples/second 


Proprietary anti-jitter algorithm simplifies motion 
encoder interface 


Available In: 


— 18-lead 300 mil PDIP 
— 18-lead 300 mil SOIC 
— 20-lead 209 mil SSOP 


FIGURE A - PIN CONFIGURATIONS 


PDIP, SOIC 


—k 


DATA ~#> 
CLK <> 
OSC1 ~<#— 
OSsCc2 —> 
Voo <«+— 
QDRV —> 
DBTN ~#— 
VERT1 <— 
VERT2 =— 


LLLLDVLIN 


2 
3 
4 
5 
6 
7 
8 
9 


IBM and PS/2 are registered trademarks of IBM Corp. 





DESCRIPTION 


The MTA41111 isthe heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
an IBM PS/2 compliant mouse or trackball controller. 
The mouse select and drag operation can be accom- 
plished with a trackball by using the optional drag lock 
input and drag lock LED. This allows for one handed 
select and drag operation when using a trackball. 


MTA41111 


The MTA41111 is an 18-lead low-power CMOS inte- 
grated circuit. Combined with a few simple extemal 
components, a complete mouse or trackball system can 
be realized. 


LLLLPVLIN 


oOOoOND oO & W P 


Oo 


11 |] VERT2 ~+— 


The microcode contained in this product is copyrighted ©1993, all rights reserved. 
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1.0 PIN DESCRIPTIONS 

PIN NAME 7 TYPE DESCRIPTION 

HISPD Input Active high, velocity gain activated 

QDRV Output _ Active high strobed encoder drive 

HOR1 Input Horizontal quadrature input #1 

HOR2 Input Horizontal quadrature input #2 

PBTN Input Primary mouse button. Active low , 0 = button depressed 

ABTN Input Altemate mouse button. Active low, 0 = button depressed 

DBTN Input Optional trackball drag lock button. Active low, 0 = button de- 
pressed. For mouse operation connect this pin to VoD 

VERT1 Input Vertical quadrature input #1 

VERT2 input Vertical quadrature input #2 

DLED Output Optional trackball drag LED. For mouse operation this pin is ano 

. connect and should be left unconnected 

OSC1 Input 4 MHz crystal or ceramic resonator connection 

OSC2 Output 4 MHz crystal or ceramic resonator connection 

DATA vo Bi-directional data port for PS/2 

CLK Input PS/2 data clock input 

MCLR Input A “low” voltage on this pin causes a reset condition for the 
MTA41111 controller 

VDD Pwr (+5V 

Vss Pwr Ground 

2.0 OPERATION The MTA41111 supports velocity scaling. When acti- 


Upon power-up, the MTA41111 mouse controller ini- 
tiates an internal reset sequence. First, all intemal 
registers and communication parameters are cleared. 
Next, the status registers are set to the default condition. 
Finally, if the MTA41111 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a 00h in response. This notifies the host 
that the initialization is complete and that the controller 
is astandard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom- 
mended behavior of issuing a Reset command as the 
first command after power-up. 


The MTA41111 always confirms reception of a com- 
mand sent by the host by returning an acknowledge byte 
(FAh). If the host interrupts the transmission of the 
acknowledge byte, the MTA41111 discards the com- 
plete command. The MTA41111 isthen ready to receive 
and acknowledge the next command. Two exceptions to 
the acknowledge after command received rule exist. 
The MTA41111 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 


vated, it allows the cursor to travel faster based on the 
speed of the mouse or trackball movement. 


2.1 PS/2 COMMAND 


Command Summary: 





Command Code, Data 
Reset FFh 
Resend FEh 

Set Default F6h 
Disable Reporting F5h 
Enable Reporting F4h 

Set Report Rate F3h , XXh 
Read Device Type F2h 

Set Remote Mode FOh 

Set Wrap Mode EEh 
Reset Wrap Mode ECh 
Read Data EBh 

Set Stream Mode EAh 
Status Request E9h 

Set Resolution E8h , XXh 
Set Scaling E7h 
Reset Scaling E6h 
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2.1.1 Reset Code: FFh 


This command initiates a reset sequence in the 
MTA41111 mouse controller. First, all internal registers 
and communication parameters are cleared. Next, the 
status registers are set to the default condition. Finally, 
the MTA41111 transmits a AAh followed by a OOh, this 
informs the host that the initialization is complete and 
that the controller is a standard mouse type. 


2.1.2 Resend Code: FEh 


Anytime the MTA41111 controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a Resend is received by the 
controller it will clear its motion and displacement 
counters. 


The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
comman<d, it will retransmit the last data packet transmit- 
ted. If the last packet transmitted was a Resend com- 
mand, the packet prior to the last packet will be re- 
transmitted. 


2.1.3 Set Default Code: F6h 


The Set Default command re-initializes all controller 
parameters to the power-up state. The controller initial- 
izes the following status registers. 


Report rate: 100 reports per second 
Scaling: Linear 

Mode: Streaming 

Resolution: Physical Resolution / 2 
Reporting: | Disabled 


This command does not initiate any self-test diagnos- 
tics. The controller remains in the disabled state until 
another command is received from the host. 


2.1.4 Disable Reporting Code: F5h 


The Disable Reporting command prevents data trans- 
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com- 
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 


2.1.5 Enable Reporting Code: F4h 


The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 


2.1.6 Set Report Rate Code: F3h , XXh 


This command updates the report rate status register 
with the data contained in the second byte of the com- 
mand. However, the physical report rate remains fixed at 
40 times per second. This command only exists to 
ensure compatibility. 


2.1.7 Read Device Type Code: F2h 


The controller always transmits a 00h in response to 
receiving this command. This informs the host that a 
standard mouse is present. 


2.1.8 Set Remote Mode Code: FOh 


Remote Mode is entered when the controller receives 
this command. In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 


2.1.9 Set Wrap Mode Code: EEh 


Wrap Mode is entered when the controller receives this 
command. In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands will cancel Wrap 
Mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting Mode, Stream Mode or Remote Mode. 


2.1.10 Reset Wrap Mode Code: ECh 


This command cancels Wrap Mode. The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 


2.1.11 Read Data Code: EBh 


The controller will transmit an event packet to the host 
after a read data command is received. This command 
can be issued in either the Remote or Stream Modes. 
The controller will transmit data even if there has not 
been any button changes or motion since the last report. 
The controller clears the motion counters after ever read 
data command. 


2.1.12 Set Stream Mode Code: EAh 


The controller will enterthe Stream Mode upon receiving 
this command. In Stream Mode, event packets are 
transmitted to the host as they occur. 
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2.1.13 Status Request Code: E9h 


A three byte status report packet will be transmitted in 
response to this command. These status bytes: are 
defined as follows: | 


Byte 1: 
Bit Description 
0 1 = Secondary Button Depressed 
1 Reserved 
2 1 = Primary Button Depressed 
3 Reserved 
4 1 = 2:1 Scaling 
5 _ 1= Enabled 
6 1 = Remote Mode 
7 | Reserved 


Byte 2: Current Resolution 
Byte 3: Current Sample Rate 


2.1.14 Set Resolution 


The controller provides four resolutions selected by the 
second byte of this command. The effective resolution 
is the physical device resolution divided by the divisor 
indicated below. 


Second Byte Description 
0 divide by 8 
1 divide by 4 
2 divide by 2 
3 divide by 1 
2.1.15 Set Scaling Code: E7h 


This command has no effect on resolution and only 


exists to ensure compatibility. 
2.1.16 Reset Scaling Code: E6h 


This command resets the scaling to 1:1 (input count 
equals reported count). 


Code: E8h , XXh 


2.2 PS/2 M Data Format 


The following PS/2 compliant data format is used by the 
MTA41111 when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
11 bit data frame that utilizes 8 bits for message data and 
3 bits for control. 
Data Frame Format : | 
Bit Description 
Start Bit (always 0) 
Message Data Bit O , LSB 
Message Data Bit 1 
Message Data Bit 2 
Message Data Bit 3 
Message Data Bit 4 
Message Data Bit 5 
Message Data Bit 6 
Message Data Bit 7 , MSB 
10 Parity Bit (odd parity) 
11 Stop bit (always 1) 


The MTA41111 mouse controller transmits the following 
three byte data packet in response to a Read Data (EBh) 
command or when operating in Stream Mode with 
reporting enabled. 


COON DOUA OND — 


Status Message Data Byte 1: 


Bit Description 

0 1 = Primary Button Depressed 

1 1 = Secondary Button Depressed 
2 Reserved 

3 Reserved 

4 X data sign, 1 = negative 

5 Y data sign, 1 = negative 

6 X data overflow, 1 = overflow 

7 Y data overflow, 1= overflow | 


Status Message Data Byte 2: 
Delta X motion 

Status Message Data Byte 3: 
Delta Y motion 


ly SAE OF TP 7S SSS 7S CESS > SES Si SA PS ASAI TSS OSE ST a EE ESTEE 
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3.0 MOTION ENCODER INTERFACE 


The MTA41111 is designed to interface to both optical 
encoders that utilize LED and photo transistor pairs with 
a chopper wheel or mechanical encoders that utilize a 
commutator with wiper contacts. 


Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MTA41111 will drive the QDRV output high 8 nS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
QDRV output will be driven back low 2 us after the 
sample is taken. If power consumption is not a concern, 
then the QDRV output can be left unconnected and 
encoders can be powered directly from a constant 
supply (e.g. +5V power). 


An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 
state table along with Figures 3.1 and 3.2. 


FIGURE 3.1 - POSITIVE MOTION SEQUENCE 


Positive Motion: 


Hor1,Hor2 / 
Vert1 Vert2 


0,0 
0,1 
1,1 Positive Direction Sequence 
1,0 
0,0 
etc. 


Description 





Negative Motion: 


Hort ,Hor2 / 
Vert1 Vert2 


0,0 
1,0 
1,1 Negative Direction Sequence 
0,1 
0,0 
etc. 


The HOR and VERT inputs are sampled at ~8700 
samples per second with a 4 MHz input clock. The 
sample rate will decrease slightly when communication 
traffic to or from the host is occurring. The sample rate 
is directly proportional to the clock frequency on the 
OSC1 and OSC2 pins. 


Description 








FIGURE 3.2 - NEGATIVE MOTION SEQUENCE 
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4.0 PUSH-BUTTON INPUTS 


The MTA41111 push-button inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled in the high state, the appropriate 
message data bit will be set equal to Zero. 


5.0 TRACKBALL OPTION 


The MTA41111 can also function as a trackball control- 
ler. Atrackball drag lock switch can be connected to the 
DBTN input and an LED indicator connected to the 
DLED output to aid in one-handed trackball operation. 





When using a mouse, a select and drag operation is 
performed by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball, it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 


The MTA41111’s “drag lock” feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the “locked” state by momentarily applying a low to the 
DBTN input. This “locked” state is equivalent to de- 
pressing and holding the primary mouse button. The 
user then guides the object to the desired location 
without having to hold a button depressed and simulta- 
neously guide the trackball. The object is placed and the 
“lock” is released when a low (e.g. button depressed) is 
momentarily applied to any button input. 


The DLED output is latched in the low state (OV) when 
the DBTN input is sampled low (refer to Figure 5.1). The 
DLED output will remain low (“locked”) until the DBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs ifthe PBTN input or 
SBTN input is sampled low when the DLED output is low. 
When the DLED output is in low “locked” state, the 
Primary Button depressed bit in the status message is 
set high. 


.1 Velocit lin 


When HISPD is enabled, velocity scaling is activated. 
The velocity scaling is defined in Table 5.1 and illus- 
trated in Figure 5.2. 














TABLE 5.1 - BALLISTIC GAIN 


Physical Counts Output Counts 
(per sample period) 
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FIGURE 5.1 - TRACKBALL DRAG LOCK OPERATION 


DBTN | | | | 


FIGURE 5.2 - MTA41111 BALLISTIC GAIN 
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6.0 ELECTRICAL CHARACTERISTICS 
6.1 ABSOLUTE MAXIMUM RATINGS t 


-55°C to +125°C 
-65°C to +150°C 


Voltage on any pin with respect -0.6V to (VDD +0.6V) 
to Vss (except VDD and MCLR) 


Ambient temperature under bias 
Storage temperature 


Voltage on MCLR pin with OV to +14.0V | 
respect to Vss 

Voltage on VpbD with respect to Vss OV to +9.5V 
Total power dissipation (Note 2) 800 mW 
Maximum current out of Vss pin 150 mA 
Maximum current into VDD pin 50 mA 
Maximum current into input pin +500 nA 
Maximum output current sinked 

by any I/O or output pin 25 mA 
Maximum output current sourced 

by any I/O or output pin 20 mA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100 Q should be used 
when applying a “low” level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW for 
the package. The total power dissipation is calculated 
as follows: 


Ppis= VDD x (IDD - XIOH) + &{(VDD- VOH) x lOH} +(VOL 
X IOL) 








DS40113A-page 8 


Preliminary 


© 1994 Microchip Technology Inc. 


MTA41111 





6.2 DC CHARACTERISTICS MTA41111 (COMMERCIAL) 


DC CHARACTERISTICS 


Characteristic | sym. 


Supply Voltage 
VoD start voltage to guarantee VPOR 
power-on reset 

VoDrise rate to guarantee power- 


Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C < TA < 70°C for commercial. 
Operating voltage Vdd = 3.0V to 5.5V unless otherwise stated. 


oe [soe 


Fosc = DC to 4 MHz 


Fosc = 4 MHz, VoD = 5.5V 


on reset 
| Supply Curent | to 

Input Low Voltage 

MCLR (Schmitt trigger) 

OSC1 (Schmitt trigger) VILOSC 

All other Inputs VIL 
Input High Voltage 

MCLR (Schmitt trigger) 

OSC1 (Schmitt trigger) 

All other Inputs 


4.0V < VoD <5.5V 


VPIN = VpD + 0.25V 
VPIN = VDD 
VpD < VPINS VDD 


Input Leakage Current 
MCLR 
MCLR 
OSC1 (Schmitt trigger) 


HILMCL. 
liLMCH 
liLMCH 





All other Inputs 
Output Low Voltage 

OSC2 

All other Outputs 
Output High Voltage 

OSC2 

All Outputs 


<< fox 


“These parameters are based on characterization and are not tested. 


Vpp < VPINS VDD 


loL = 1.6 mA, VDD = 4.5V 
lOL = 8.7 mA, VDD = 4.5V 


lOH = -1.0 mA, VDD = 4.5V 
IOH = -5.4 mA, VDD = 4.5V 
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FIGURE 6.2.1 - INPUT THRESHOLD VOLTAGE (VtH) OF ALL INPUT AND I/O PINS EXCEPT 
MCLR AND OSC1 


VTH (Input threshold voltage) of Input pins 


os 
3 
= 
a 
5 


Vbp (volts) 





FIGURE 6.2.2 - ViH, Vi. OF MCLR vs VppD 


VIH, VIL (volts) 


Vic, max (-40°C to % bd 


Vit, min (-40°C to 85°C) 


ce eee 


4.5 5.0 
VDD (volts) 
Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 6.2.3 - INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 
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FIGURE 6.2.4 - lOH vs VOH, VDD = 3V FIGURE 6.2.5 - lOH vs VOH, VDD = 5V 
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VOH (Volts) 
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FIGURE 6.2.6 - loL vs VoL, VoD = 3V FIGURE 6.2.7 - loL vs VoL, Vop = 5V 


15 


Vo (Volts) 


VoL (Volts) 
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6.3 AC CHARACTERISTICS MTA41111 (COMMERCIAL) 


AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 


Operating Temperature 0°C < TA < 70°C for commercial. 
Operating Voltage VDD = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


rs ee 


Motion Encoder Timing 
QDRV 
Pulse Period TQP (Note 2) 
Pulse Width Taw 
HOR1,HOR2,VERT1,VERT2 
Input Sample Setup Time TENS Before QDRV falling edge. 
input Sample Hold TENH After QDRV falling edge. 
I/O Timing 
CLK High time 
CLK Low time 
DATA setup time to CLK falling 
DATA hold time to CLK rising 
Button Input Timing 
PBTN, SBTN, DBTN, HISPD 
Input Sample Period TBTP (Note 2) 





Input Sample Window width TBTW 


RESET Timing | 
MCLR pulse width (low) TMCL 
Oscillator Start-up Timer Period 


Notes: 





1. These parameters are based on characterization and are not tested. 


2. Sampling can be suspended if device is receiving data from host or transmission to host is inhibited by host (CLK 
held low) 
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FIGURE 6.3.1 - TIMING DIAGRAMS 


| | Tap a : 


Taw | 
TENS | TENH 


Motion 
Sampling 


Button 
Sampling 
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7.0 PACKAGING DIAGRAMS AND DIMENSIONS 
See Section 11 of the Data Book. 


8.0 PACKAGE MARKING INFORMATION 














18L PDIP Example 
MTA41111/P 
©1993 A 
AS\ AABB CDE AX 9123 CBA 
18L SOIC Example 
MMMMMMMMM MTA41111/SO 
MMMMMMMMM ©1993 A 
HAABB CDE 99118 CDK 
20L SSOP Example 
MMMMMMMM MTA41111 
MMMMMMMM ©1993 A 
OWS aan coz 99051 cBP 





Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 


Assembly code of the plant or country of origin in which 
part was assembled. 


Note: In the event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 





| 
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SALES AND SUPPORT 


To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PARTNO.-X /XX xX 
Ly Revision 


Package: PDIP 
300 mil SOIC (Gull Wing Lead) 


209 mil SSOP 


0°C to +70°C 
-40°C to +85°C 


Temperature 
Range: 


Device: MTA41111 
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ADB™ Mouse/Trackball Controller I.C.* 








FEATURES DESCRIPTION 


Single-chip two-button mouse or trackball controller The MTA41 120 is the heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
eitheran Apple Macintosh compatible mouse or trackball 
controller. The mouse select and drag operation can be 


Built in collision detection so that multiple devices 
may be connected to the host interface without 


ne performed with a trackball by using the optional drag lock 
¢ Strobed motion encoders for reduced system power input and drag lock LED. This allows for one handed 
consumption select and drag operation when using a trackball. The 
° Proprietary anti-jitter algorithm simplifies motion MTA41 120 does not require special host system device 
encoder interface drivers. 
e Motion sampling rate of 6000 samples/second MTA41120 
e Available In: 
— 418-lead 300 mil PDIP The MTA41120 is an 18-lead low-power CMOS inte- 
— 18-lead 300 mil SOIC grated circuit. Combined with a few simple extemal 
— 20-lead 209 mil SSOP components, a complete mouse or trackball system can 
be realized. 


FIGURE A - PIN CONFIGURATIONS 


PDIP, SOIC 


DIN ~*— 
DOUT —> 
OSC1 << 
Oosc2 —> 
VoD <« 
Vop  ~t-— 
QDRV —> 
DBTIN ~+— 
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“Apple Macintosh Compatible Host Interface 
Apple® and Macintosh® are registered trademarks of Apple Corp. 


Apple Desktop Bus (ADB) is a trademark of Apple Corp. 
The microcode contained in this product is copyrighted ©1993, all rights reserved. 
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1.0 PIN DESCRIPTIONS 
PIN NAME _ | TYPE 
QDRV Output 
HOR1 Input 
HOR2 Input 
PBTN Input 
ABTN Input 
DBTN Input 
VERT1 Input 
VERT2 Input 
RLED Output 
DLED Output 
OSC1 Input 
OSC2 Output 
DIN Input 
DOUT OC-Output 
MCLR Input 

_ Vbo Pwr 
Vss Pwr 
2.0 OVERVIEW 


The MTA41120 mouse and trackball controller is com- 
pliant with all specifications that apply to the Host Inter- 
face. Its collision detection and recovery algorithms 
allow it to be used in systems where one or more devices 
may be connected to the host interface. 


The drag lock button input allows the MTA41120 to be 
used as either a trackball controller or a mouse control- 
ler. 


DESCRIPTION 

Active high strobed encoder drive 

Horizontal quadrature Input #1 

Horizontal quadrature Input #2 | 
Primary mouse button. Active low , 0 = button depressed 
Altemate mouse button. Active low, 0 = button depressed 


Optional trackball drag lock button. Active low, 0 = button 
depressed. For mouse operation connect this pin to VDD 


Vertical quadrature input #1 
Vertical quadrature input #2 


Optional high resolution LED. Indicates mouse or trackball is in 
high resolution mode. If high resolution LED is not required then 
this pin is a no connect and should be left unconnected 


Optional trackball drag LED. For mouse operation this pin is a 
no connect and should be left unconnected 


4 MHz crystal or ceramic resonator connection 

4 MHz crystal or ceramic resonator connection 

input data port for host communication 

Open Collector output for data communication with host 


A “low” voltage on this pin causes a reset condition for the 
MTA41120 controller 


+5V 
Ground 


The MTA41120 supports two LED indicators that indi- 
cate operation in high resolution mode and when a drag 
lock operation is occurring. High Resolution mode is 
entered in response to a command from a host and is 
indicated by the RLED pin being driven low. 
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3.0 MOTION ENCODER INTERFACE The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 


The MTA41120 is designed to interface to both optical state table and is illustrated in Figures 3.1 and 3.2. 
encoders that utilized LED and photo transistor pairs : 
with a chopper wheel or mechanical encoders utilizing a 


commutator with wiper contacts. Positive Motion: 

The HOR and VERT inputs are sampled at ~6000 Hort, Hor2 / 

samples per second with a 4 MHz input clock. The Vert1, Vert2 Description 

sample rate may decrease slightly when communication 

traffic to or from the host is occurring. The sample rate is 0,0 

directly proportional to the clock frequency on the OSC1 0,1 a sas 

and OSC? pins. ps Positive Direction Sequence 
Power consumption is reduced by strobing the motion 00 

encoder power each time the encoders are sampled. etc. 


The MTA41120 will drive the QDRV output high 10 uS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The Negative Motion: 

QDRV output will be driven back low 2 us after the Hort. Hor2 / 

sample is taken. If power consumption is not a concem : a 
then the QDRV output can be left unconnected and Vertt, Verte Description 








encoders can be powered directly from a constant sup- 0,0 

ply (e.g. +5V power). 1,0 

An anti-jitter algorithm is employed to eliminate false a Negative Direction Sequence 
motion counting when the mouse or trackball is not 00 

moving. This is especially useful in designs employing atc 


optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


FIGURE 3.1 - POSITIVE MOTION SEQUENCE 





FIGURE 3.2 - NEGATIVE MOTION SEQUENCE 
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4.0 PUSH-BUTTON INPUTS. 


The MTA41120 push-button inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 


when a low is sampled at a switch input. When a switch 


input is sampled in the high state the appropriate 
message data bit will be set equal to zero. The push- 
button inputs are intemally debounced to eliminate 
“false” button status reporting. 


5.0 TRACKBALL OPTION 


The MTA41120 can also function as a trackball control- 
ler. A trackball drag lock switch can be connected to the 
DBTN input and an LED indicator connected to the 
DLED output to aid in one-handed trackball operation. 





When using a mouse a select and drag operation is 
performed by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball, it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 


FIGURE 5.1 - TRACKBALL DRAG LOCK OPERATION 


The MTA41120’s “drag lock” feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the “locked” state by momentarily applying a low to the 
DBTN input. This “locked” state is equivalent to depress- 
ing and holding the primary mouse button. The user then 
guides the object to the desired location without having. 
to holda button depressed and simultaneously guide the 
trackball. The object is placed and the “lock” is released 
when a low (e.g. button depressed) is momentarily 
applied to any button input. 


The DLED output is latched in the low state (OV) when. 
the DBTN input is sampled low (refer to Figure 5.1). The 
DLED output will remain low (“locked”) until the DBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs ifthe PBTN input or 
SBTN input is sampled low when the DLED output is low. 
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6.0 ELECTRICAL CHARACTERISTICS 
6.1 Absolute Maximum Ratings t 


-55°C to +125°C 
-65°C to +150°C 


Ambient temperature under bias 
Storage temperature 


Voltage on any pin with respect 
to Vss (except VDD and MCLR) = -0.6V to (VDD +0.6V) 


Voltage on MCLR pin with 


respect to Vss OV to +14.0V 
Voltage on VDD with respect to Vss. OV to +9.5V 
Total power dissipation (Note 2) 800 mW 
Maximum current out of Vss pin 150 mA 
Maximum current into VpD pin 50 mA 
Maximum current into input pin +500 LA 
Maximum output current sinked 

by any I/O or output pin 25 mA 
Maximum output current sourced 

by any I/O or output pin 20 mA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100Q should be used 
when applying a “low” level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW 


for the package. The total power dissipation is calcu- 
lated as follows: 


Pdis = VoD x (IDD - Sloh) + X{(VpD- Voh) x loh} + 
>~( Vol x fol) 
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6.2 DC CHARACTERISTICS MTA41120 (COMMERCIAL) 


DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 


Operating Temperature 0°C < TA < 70°C for commercial. 
Operating voltage Vpp = 3.0V to 5.5V unless otherwise stated. 


Supply Voltage Fosc = DC to 4 MHz 


Vbp start voltage to guarantee 
power-on reset 


Vop rise rate to guarantee power- SVppD 
on reset 


Supply Current | pp Fosc = 4 MHz, VoD = 5.5V 


Input Low Voltage 
MCLR (Schmitt trigger) VILMC 
OSC1 (Schmitt trigger) VILOSC : 
All other Inputs VIL . 


Input High Voltage 


MCLR (Schmitt trigger) VIHMC 

OSC1 (Schmitt trigger) VIHOSC 

All other Inputs VIH ‘ 4.45V < Vss < 5.5V 
VDD < 4.45V 
VopD > 5.5V 


input Leakage Current 
_ MCLR | IILMCL | VPIN = Vss + 0.25V 
MCLR | ttumcH , VPIN = VoD 
OSC1 (Schmitt trigger) liLMCH Vss < VPINS VDD 
All other Inputs | Vss < VPINS VDD 
Output Low Voltage 
OSC2 : lot = 1.6 mA, VoD = 4.5V 
All other Outputs : lo. = 8.7 mA, VDD = 4.5V 
Output High Voltage 
OSC2 P 10H =-1.0 MA, VDD = 4.5V 
All other Outputs -. IOH =-5.4 mA, VDD = 4.5V 





*These parameters are based on characterization and are not tested. 


RTC PP Rg SAE RA RR ESE RA RP - A 
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FIGURE 6.2.1 - INPUT THRESHOLD VOLTAGE (VTH) OF ALL INPUT AND V/O PINS EXCEPT 
MCLR AND OSC1 


VTH (Input threshold voltage) of Input pins 


VTH (volts) 


eae 


_— 
2) 
re 
> 
— 
= 
> 
x= 
> 


VoD (volts) 
Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 6.2.3 - INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 


VDD (volts) 





FIGURE 6.2.4 - IOH vs VOH, VDD = 3V FIGURE 6.2.5 - loH vs VOH, VDD = 5V 


VOH (Volts) VoH (Volts) 
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FIGURE 6.2.6 - loL vs VOL, VDD = 3V FIGURE 6.2.7 - loL vs VOL, VDD = 5V 


0 
1.5 1.5 
VOL (Volts) VoL (Volts) 
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6.3 AC CHARACTERISTICS MTA41120 (COMMERCIAL) 


AC CH ARACTE RISTICS Standard Operating Conditions (unless otherwise stated). 


Operating Temperature 0°C < TA < 70°C for commercial. 
Operating Voltage VDD = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


| Characteristic 


Motion Encoder Timing 
QDRV 
Pulse Period 
Pulse Width 
HOR1,HOR2,VERT1,VERT2 


Input Sample Setup Time | Before QDRV falling edge. 

Input Sample Hold After QDRV falling edge. 
Button Input Timing 

PBTN, SBTN, DBTN 

input Sample Period 


Input Sample Window width 





Notes: 
1. These parameters are based on characterization and are not tested. 
2. Sampling period can increase if device is receiving data from host or when transmitting to host. 
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FIGURE 6.3.1 - TIMING DIAGRAMS 


TENS | TENH 


Motion 


Sampling 


Button 
Sampling 
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7.0 APPLICATION EXAMPLE 


The MTA41120 controller can be configured as either a 
mouse or trackball controller. Trackball systems require 
the addition of the components labeled as trackball only. 
These components allow support of a drag lock switch 
and indicator. A pull-up resistor for the drag lock switch 
must be included in trackball systems. For a mouse the 
DBTN input is simply connected to Vpp. 





Three examples of motion encoders are shown in the 
schematics (Document number 41XXXEN). Two types 
of optical encoders and a mechanical type are shown. 
Since the MTA41120 employs an anti-jitter algorithm, 
the "basic" style of optical encoder or the mechanical 
encoder are both recommended for use with the 
MTA41120. Use of the "improved" style of optical 
encoder that employs comparators, may only be neces- 
sary in high noise environments. 


All button switches should be of the momentary contact 
type, including the drag lock switch. 


dem ss ic Sis i sh sss SU its Shh Sn SSS eS SSS hh At sss Tupi SU tsi sa sR SSNSSAAGOAED 
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MTA41120 Based Mouse or Trackball (note 1) 


20K Thalil 
OK Mouse | 
| RESOLUTION 
INDICATOR 
| Tbhall 
Drag D2 ae | 
| Lock LED 
| =o U1 
MTA41120 
[ a meee — 
RLED# [| 
530 DLED# DOUT 
= =| VDD oscl1 : 
O MCLR#¥ oOsc2 
vss VDD wai 
HOR1 QDRV GC 
eee eer ene 


PBTN# VERT2 
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i eee ee | 
| DATA 
| tea P1 
ALTERNATE 
OBUTTON | _|— OPTIONAL PLUG 4 PIN 
L Peat Nee fen aed | 
OPTION. O s2 l 
PRIMARY | 
O BUTTON | 
O s1 | VERT ENCODER 
TRACKBALL 
4 DRAG | 
| | Lock 
BUTTON | 


— ae eee eed 


Note 1: System shown is for an Apple Macintosh compatable pointing device Microchip Technology Inc. 


2355 West Chandler Blvd. 


Apple and Macintosh are registered Chandler, AZ. 85224 
trademarks of Apple Computer Inc. 
Title 


These schematics are of a design example MTA4@1120 Mouse or Trackball 

which is under development. Microchip Size|Document Number REV 
Technology assumes no responsibility for 

content and makes no commitment to nie S21 20RDa a 
update this information. Date: December 16, 1993|Sheet 1 of 1 
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Basic Mouse/Trackball Optical Motion Encoder 


ee 

D1 
LED 
D2 
LED 
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Interrupter 
Wheel 
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R4 
220 (Strobed Pwr) 
1K (Const. Pwr) 
Ri R3 
10K 10K 
Microchip Technology Inc. 
2355 West Chandler Blivd. 
Chandler, AZ. 85224 
\/ 
GND Title 


Typical Optical Motion Encoder 
which is under development. Microchip re aia Number REV 
A 


These schematics are of a design example 


Technology assumes no responsibility for 
content and makes no commitment to 
update this information. Date: August 24 1993 
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Improved Mouse/Trackball Optical Motion Encoder 


| PWR > 
[QDRV_ > 
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LM2901 
R2 R1 R3 R5 4 
220 (Strobed PWR) 10K 10K 10K 
1K (Const. PWR) 
J 
GND 
Microchip Technology Inc. 
t 2355 West Chandler Blvd. 
GND Chandler, AZ. 85224 


Title 


These schematics are of a design example 


which is under development. Microchip Size|Document Number REV 
Technology assumes no responsibility for XXX 

content and makes no commitment to aia ai EN = 
update this information. Date: August 24, 1993)|Sheet 2. of 3 
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Mouse/Trackball Mechanical Motion Encoder 


| Commutator Assy 


Microchip Technology Inc. 


2355 West Chandler Blivd. 


Chandler, AZ. 85224 


Title 


These schematics are of a design example Typical Mechanical Motion 
which is under development. Microchip Size|Document Number 
Technology assumes no responsibility for A 41XXXEN 


content and makes no commitment to 
update this information. Date: August 20 1993|Sheet 
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8.0 PACKAGING DIAGRAMS AND DIMENSIONS 


See Section 11 of the Data Book. 


9.0 PACKAGE MARKING INFORMATION 


Example 


ry 
fos) 
re 
a 
4 
mo] 


MTA41120/P 
©1993 A 








ANY AABB CDE AS 9123 CBA 





Example 


MTA41120/SO0 
© 1993 A 


CQ S9118 cox 





Example 





MTA41120/ 
© 1993 A 


CS aaBB CDE C9051 cBP 


7 ‘e o 
Oo to ‘e) 
oO wo 

Q 

i 





Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 


Assembly code of the plant or country of origin in which 
part was assembled. 


Note: Inthe event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 
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SALES AND SUPPORT 


To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


PART NO. -X /XX X 


Ly Revision 


Package: P PDIP 
: SO = 300 mil SOIC (Gull Wing Lead) 


SS 209 mil SSOP 


Temperature - o°C to +70°C (COMMERCIAL) 
Range: I -40°C to +85°C (INDUSTRIAL) 


Device: MTA41120 
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PS/2® and Serial Mouse and Trackball Controller I.C. 





FEATURES 


Mouse and trackball controller IC 
Selectable RS-232 Serial or IBM® PS/2® interfaces 


Microsoft® serial interface format and IBM PS/2 
mouse compliant 


Single-chip, two-button mouse or trackball controller 


1200,N,7,1 - RS-232 serial communication format 
10 KHz PS/2 interface 
Fixed mouse and trackball resolution 


Motion sampling rate of 12000 samples/second in 
PS/2 Mode and 15000 samples/second in RS-232 
Mode 


Available in: 

— 18-lead 300 mil PDIP 

— 18-lead 300 mil SOIC 

— 20-lead 209 mil SSOP 


FIGURE A - PIN CONFIGURATIONS 


PDIP, SOIC 


—» DBIN Cle1 7 SBTN <— 
PBTN <— 
OSC1 ~<+— 
osc2 —> 
Voo «+ 
QDRV —> 
DBTIN <— 
VERT2 <«— 
VERT1 <— 


= 
> 
= 
io 
8 


IBM and PS/2 are registered trademarks of IBM Corp. 
Microsoft is a registered trademark of Microsoft Corp. 
The code in this product was not developed or licensed by Microsoft Corporation. 





DESCRIPTION 


The MTA41300 is the heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
either an IBM PS/2 compliant mouse or as a serial 
mouse that is Microsoft serial format compatible. Both 
interface options are also available when the MTA41300 
is used as a trackball controller. The mouse select and 
drag operation can be performed with a trackball by 
using the optional drag lock input and drag lock LED. 
This allows for one-handed select and drag when using 
a trackball. 


MTA41300 


The MTA41300 is an 18-lead low-power CMOS inte- 
grated circuit. Combined with a few simple extemal 
components, a complete mouse ortrackball system can 
be realized. 


SBTN ~+— 
PBTIN ~¢— 
OSC1 «<«- 

Osce —> 
Vop ~#- 

Vop = 

QDRV —> 
DBTN ~*— 
VERT2 ~t— 
VERT1 ~“*— 


e 
—- 


GO MONAnNhOAND 
OOS LPVLIN 


The microcode contained in this product is copyrighted ©1993, all rights reserved. 
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1.0 PIN DESCRIPTIONS 








PIN NAME TYPE DESCRIPTION 












TXD Output Data port for RS-232 serial data. Active low. For IBM PS/2 
| Mode, this pin is a no connect and should be left open 

MODE Input Mode select 1 = PS/2, 0 = RS-232 serial 

HOR‘ Input Horizontal quadrature Input #1 





HOR2 input Horizontal quadrature Input #2 
PBTN Input _ Primary mouse button. Active low, 0 = button depressed 
SBTN Input Secondary mouse button. Active low, 0= button depressed 








DBTN Input Optional trackball drag lock button. Active low, 0 = button 
depressed. For mouse only operation, connect this pin to 
VDD 






VERT1 Input Vertical quadrature input #1 








VERT2 Input Vertical quadrature input #2 





DLED Output _ Optional trackball drag LED. For mouse only operation, this 
pin is ano connect and should be left open 


OSC1 Input 4 MHz crystal or ceramic resonator connection 
OSC2 Output 4 MHz crystal or ceramic resonator connection 


DATA VO Bidirectional data port for PS/2. For Serial Mouse Mode, this 
pin is ano connect and should be left open 


CLK VO , PS/2 data clock input. For Serial Mouse Mode, this pin is a 
no connect and should be left open 


MCLR Input A “low” voltage on this pin causes a reset condition for the 
MTA41300 controller 


VbD : Pwr +5V 
Vss Pwr Ground 












2.0 SERIAL MOUSE MODE data to the host. The 1200 baud data format utilizes a 
9-bit data frame that consists of 7 bits of message data 
OPERATION and 2 control bits. 
When operating in serial mouse mode the MTA41300 Data Frame Format : 


mouse controller is a transmit only device. The 


MTA41300 transmits a fixed format data packet at 1200 Bit Description 
baud to the host when a button press or mouse motion 1 Start Bit (always 0) 
is detected. 2 Message Data Bit 0, LSB 
2.1 Reset Initialization 3 Message Vata Bit! 

4 Message Data Bit 2 
The MTA41300 will transmit a “M” character immedi- 5 Message Data Bit 3 
ately after power-up or when a reset is initiated by the 6 Message Data Bit 4 
host. This character notifies the host that the message 7 Message Data Bit 5 
format is Microsoft serial format compliant. The 8 Message Data Bit 6, MSB 
MTA41300 is placed in the reset state when the MCLR 9 Stop bit (always 1) 


pin is driven low. The MTA41300 mouse controller transmits the following 


2.2 Serial M Me Format three byte Microsoft serial interface compliant data 
packet in response to a mouse event. 

The following Microsoft serial interface compliant data _. 

format is broadcast by the MTA41300 when transmitting 
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Message Data Byte 1: 


Bit Description 

Always = 1 (message sync bit) 

1 = Primary Button Depressed 

1 = Secondary Button Depressed 
Vertical Motion bit 7 (MSB) 
Vertical Motion bit 6 

Horizontal Motion bit 7 (MSB) 
Horizontal Motion bit 6 


OoO-NOA OO 


Message Data Byte 2: 


Bit Description 

Always = 0 

Horizontal Motion bit 5 
Horizontal Motion bit 4 
Horizontal Motion bit 3 
Horizontal Motion bit 2 
‘Horizontal Motion bit 1 
Horizontal Motion bit 0 


O-NOA UO 


Message Data Byte 3: 


Bit Description 

Always = 0 

Vertical Motion bit 5 
Vertical Motion bit 4 
Vertical Motion bit 3 
Vertical Motion bit 2 
Vertical Motion bit 1 
Vertical Motion bit 0 


3.0 IBM PS/2 MODE OPERATION 


Upon power-up the MTA41300 mouse controller ini- 
tiates an internal reset sequence. First, all intemal 
registers and communication parameters are cleared. 
Next, the status registers are set to the default condition. 
Finally, if the MTA41300 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a 00h in response. This notifies the host 
that the initialization is complete and that the controller 
is a standard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom- 
mended behavior of issuing a Reset command as the 
first command after power-up. 


OF NO OA AH 


The MTA41300 always confirms reception of a com- 
mand sent by the host by returning an acknowledge byte 
(FAh). If the host interrupts the transmission of the 
acknowledge byte, the MTA41300 discards the com- 
plete command. The MTA41300 is then ready to receive 
and acknowledge the next command. Two exceptions 
to the acknowledge after command received rule exist. 
The MTA41300 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 





.1 PS/2 M mman 

Command Summary: 
Command Code 
Reset FFh 
Resend FEh 
Set Default F6h 
Disable Reporting F5h 
Enable Reporting F4h 
Set Report Rate F3h, XXh 
Read Device Type F2h 
Set Remote Mode FOh 
Set Wrap Mode EEh 
Reset Wrap Mode ECh 
Read Data EBh 
Set Stream Mode EAh 
Status Request E9h 
Set Resolution E8h, XXh 
Set Scaling E7h 
Reset Scaling E6h 

3.1.1 Reset Code: FFh 


This command initiates a reset sequence in the 
MTA41300 mouse controller. First, all internal registers 
and communication parameters are cleared. Next, the 
status registers are set to the default condition. Finally, 
the MTA41300 transmits a AAh followed by a 00h, this 
notifies the host that the initialization is complete and 
that the controller is a standard mouse type. 


3.1.2 Resend Code: FEh 


Anytime the MTA41300 controller receives an invalidly 
formatted comman4, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a resend is received by the 
controller, it will clear its motion and displacement 
counters. 


The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
comman4, it will retransmit the last data packet transmit- 
ted. If the last packet transmit was a resend command, 
the packet prior to the last packet will be retransmitted. 


3.1.3 Set Default Code: FEh 


The Set Default command re-initializes all controller 
parameters to the power-up state. The controller initial- 
izes the following status registers, which only exist to 
ensure compatibility. 


Report rate: 100 reports per second 
Scaling: Linear 

Mode: Streaming 

Resolution: Physical resolution 
Reporting: Disabled 


This command does not initiate self test diagnostics. 
The controller remains in the disabled state until another 
command is received from the host. 
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3.1.4 Disable Reporting Code: F5h 


The Disable Reporting command prevents data trans- 
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com- 
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 


Code: F4h | 


The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 


3.1.6 Set Report Rate Code: F3h, XXh 


This command updates the report rate status register 
with the data contained in the second byte of the com- 
mand. However, the actual report rate remains fixed at 
40 times per second. This command only exists to 
ensure compatibility. 


3.1.7 Read Device Type 


3.1.5 Enable Reporting 


Code: F2h 


The controller always transmits a 00h in response to 
receiving this command. This informs the host that a 
standard mouse is present. | 


3.1.8 Set Remote Mode Code: FOh 
Remote Mode is entered when the controller receives 
this command. In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 


3.1.9 Set Wrap Mode Code: EEh 


Wrap Mode is entered when the controller receives this 
command. In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands will cancel wrap 
mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting, Stream or Remote Mode. 


3.1.10 Reset Wrap Mode Code: ECh 


This command cancels Wrap Mode. The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 


3.1.11 Read Data Code: EBh 


The controller will transmit an event packet to the host 


after a Read Data commandis received. This command 
can be issued in the Remote or Stream Mode. The 
controller will transmit data even if there has not been 
any button changes or motion since the last report. The 
controller clears the motion counters after every read 
data command. 


3.1.12 Set Stream Mode Code: EAh 


The controller will enterthe Stream Mode upon receiving 
this command. In Stream Mode event packets are 
transmitted to the host as they occur. 


3.1.13 Status Request Code: E9h 


A three byte status report packet will transmit in re- 
sponse to this command. These status bytes are defined 
as follows: 


w 
a 
® 


Description 


1= Secondary Button Depressed 
Reserved | 

1= Primary Button Depressed 
Reserved 

1= 2:1 scaling 

1= Enabled 

1= Remote Mode 

Reserved 


Byte 2: Current Resolution 
Byte 3: Current Sample Rate 


3.1.14 Set Resolution Code: E8h, XXh 


This command has no effect and only exists to ensure 
compatibility. The physical device resolution is always 
the resolution of the mouse or trackball. 


3.1.15 Set Scaling Code: E7h 


This command has no effect on resolution and only 
exists to ensure compatibility. The scaling will always be 
ql; 


3.1.16 Reset Scaling Code: E6h 


This command has no effect on resolution and only 
exists to ensure compatibility. The scaling will always be 
ba 


3.2 PS/2 Message Data Format 


The following PS/2 compliant data format is used by the. 
MTA41300 when transmitting data to the host and when 

receiving data from the host. The data format utilizes an 

1- bit data frame that utilizes 8 bits for message data and 

3 bits for control. 
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PS/2 Data Frame Format : 


ip 


Description 


Start Bit (always 0) 
Message Data Bit 0, LSB 
Message Data Bit 1 
Message Data Bit 2 
Message Data Bit 3 
Message Data Bit 4 
Message Data Bit 5 
Message Data Bit 6 
Message Data Bit 7, MSB 
10 Parity Bit (odd parity) 

11 Stop bit (always 1) 


The MTA41300 mouse controller transmits the following 
three-byte data packet in response to a Read Data (EBh) 
commandor when operating in stream mode with report- 
ing enabled. 


OOANOOAWND — 


Status Message Data Byte 1: 


Description 


1= Primary Button Depressed 
1= Secondary Button Depressed 
Reserved 

Reserved 

X data sign, 1 = negative 

Y data sign, 1 = negative 

X data overflow, 1 = overflow 

Y data overflow, 1 = overflow 


Status Message Data Byte 2: Delta X motion 


Status Message Data Byte 3: Delta Y motion 


FIGURE 4.1 - POSITIVE MOTION INPUT 


HOR1 or VERT1 — Jf Le 


4.0 MOTION ENCODER INPUTS 


The MTA41300 is designed to interface with either 
optical encoders that utilized LED and phototransistor 
pairs with a chopper wheel, or mechanical encoders 
utilizing a commutator with wiper contacts. The HOR 
and VERT inputs detect positive and negative delta 
motion. Motion direction is defined in the following state 
table. Refer to Figures 4.1 and 4.2. 


Positive Motion: 


Hor1, Hor2/ 
Vert, Vert2 


0,0 

0,1 

1,1 Positive Direction 
1,0 Sequence 

0,0 

etc. 


Description 


Negative Motion: 


Hor1, Hor2/ 
Vert1, Vert2 
0,0 
1,0 
1,1 Negative Direction 
0,1 Sequence 
0,0 
etc. 


Description 





The HOR and VERT inputs are sampled at approxi- 
mately 12000 samples per second with a 4 MHz input 
clock. The sample rate will decrease when communica- 
tion traffic to or from the host is occurring. There is aone 


HOR2 or VERT2 ee 





FIGURE 4.2 - NEGATIVE MOTION INPUT 





HOR1 or VERT1 — ff LE 
HOR2 or VERT2 LL 
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to one correlation between encoder transitions and the 


motion data that is transmitted to the host. For example, 


a transition of 0,1 to 1,1 on the horizontal encoder inputs 
(HOR1, HOR2) will result in one bit of horizontal motion 
as broadcast to the host. The sample rate, along with all 
other timed events related to the controller, is directly 
proportional to the clock frequency on the OSC1 and 
OSC2 pins. ‘ 


An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


5.0 PUSHBUTTON INPUTS 


The MTA41300 pushbutton inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled in the high state the appropriate mes- 
sage data bit will be set equal to zero. 


FIGURE 6.1 - TRACKBALL DRAG LOCK OPERATION 


6.0 TRACKBALL OPTION 


The MTA41300 can also function as a trackball control- 
ler. A trackball drag lock switch can be connected to the 
DBTN input and an LED indicator connected to the 
DLED output to aid in one-handed trackball operation. 


When using a mouse, a Select and drag operation is 
accomplished by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released, the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 


The MTA41300’s “drag lock” feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the “locked” state by momentarily applying a low to the 
DBTN input. This “locked” state is equivalent to de- 
pressing and holding the primary button when using a 
mouse. The user then guides the object to the desired 
location without having to hold a button depressed and 
simultaneously guide the trackball. The object is placed 
and the “lock” is released when a low (e.g. button 
depressed) is momentarily applied to any button input. 


The DLED output is latched in the low state (OV) when 
the DBTN input is sampled low (refer to Figure 6.1). The 
DLED output will remain low (“locked”) until the DBTN 
input is sampled high and then sampled low_again. 
Exiting the locked state also occurs if either the PBTN or 
SBTN inputs are sampled low when the DLED output is 
low. When the DLED output is in low “locked” state, the 
Primary Button depressed bit in the status message is 
set high. 
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7.0 ELECTRICAL CHARACTERISTICS 
7.1 ABSOLUTE MAXIMUM RATINGS t 


Ambient temperature under bias....... -55°C to +125°C 
Storage temperature .......................5 -65°C to +150°C 


Voltage on any pin with respect 
to Vss (except VDD and MCLR) .-0.6V to (VoD +0.6V) 


Voltage on MCLR pin with 

FOSPOCTIO VSS xocisssctededoashacrisccsieeioncteeiued OV to +14.0V 
Voltage on VDD with respect to VSss ............. OV to +9.5V 
Total power dissipation (Note 2) ..............00008 800 mW 
Maximum current out of Vss pin...................0. 150 mA 
Maximum current into VDD pin ................:s0ssee0e 50 mA 
Maximum current into input pin ...................... +500 LA 
Maximum output current sinked by any 

V/O OF OUtPUt PIN 200.0... eeeeeeeseceseeseseeeseceneeceees 25 mA 
Maximum output current sourced by any 

VO OF OULDUL DIR cesses ce ceisneeeiessaecccetecsecceveacais 20 mA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100Q should be used 
when applying a ‘low’ level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW for 
the package. The total power dissipation is calculated 
as follows: Ppis= VoD x (IDD - XIOH) + X{(VDD- Von) x 
IOH}+2:(VOL xX IOL). 
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7.2 DC CHARACTERISTICS MTA41300 (COMMERCIAL) 


DC CHARACTERISTICS | Standard Operating Conditions (unless otherwise stated). 


Operating Temperature 0°C < TA < 70°C for commercial. 
Operating voltage VDD = 3.0V to 5.5V unless otherwise stated. 
ean | Om 
Supply Voltage | 


VbD start voltage to guarantee VPOR 
power on reset 
Vo rise rate to guarantee power SVppD 

on reset 


Supply Current. Fosc = 4 MHz, Vop = 5.5V 


Input Low Voltage 
MCLR (Schmitt trigger) VILMC 
OSC1 (Schmitt trigger) VILOSC 
All other Inputs VIL 
Input High Voltage 
MCLR (Schmitt trigger) 
OSC1 (Schmitt trigger) 
All other Inputs 





4.0V < VoD <5.5V_ 

Input Leakage Current 

MCLR IMCL | VPIN = VDD + 0.25V 

MCLR ~ TILMCH ; VPIN = VDD 

OSC1 (Schmitt trigger) liLMCH 10. VpD < VPINS VpD 

All other Inputs VDD < VPINS VDD 
Output Low Voltage 

OSC2 : loL = 1.6mA, VDD = 4.5V 

All other Outputs . loL = 8.7mA, VDD = 4.5V 


Output High Voltage 
OSC2 IOH =-1.0mA, VDD = 4.5V 
All other Outputs IOH =-5.4mA, VDD = 4.5V 


“These parameters are based on characterization and are not tested. 
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FIGURE 7.2.1 - INPUT THRESHOLD VOLTAGE (VTH) OF ALL INPUT AND V/O PINS EXCEPT 
MCLR AND OSC1 


VTH (Input threshold voltage) of Input pins 


a 
Fe 
= 
aS 
5 


VbDD (volts) 





FIGURE 7.2.2 - ViH, Vi. OF MCLR vs Vop 


C) 


E to 85°C) 


Via, min (aoc 
0 5 


ae) 


5 
VDD (volts) 
Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 7.2.3 - INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 


VDD (volts) 





FIGURE 7.2.4 - loH vs VoH, VoD = 3V FIGURE 7.2.5 - lOH vs VOH, VDD = 5V 
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FIGURE 7.2.6 - loL vs VoL, VDD = 3V FIGURE 7.2.7 - loL vs VOL, VoD = 5V 
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7.3 AC CHARACTERISTICS MTA41300 (COMMERCIAL) 





Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C < TA < 70°C for commercial. 
Operating Voltage VoD = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


[eects | Som [in [vo | ts | vate conte 
Oscillator Frequency | oa | MHz 


Serial Mode Output Timing 


TXD output pulse width 
(per bit) 


PS/2 Mode I/O Timing 
CLK High time 
CLK Low time 
DATA setup time to CLK falling 
DATA hold time to CLK rising 
Input Timing: 
PBTN, SBTN, DBTN 
Input Sample Period 





AC CHARACTERISTICS 




































1200 baud @ Fosc = 4 MHz 


VoD = 5.0V 
















Input Sample Window width 
HOR1,HOR2,VERT1,VERT2 
Input Sample Period (PS/2 Mode) 


Input Sample Period (RS-232 
Mode) 


Input Sample Window width 
RESET Timing 
MCLR pulse width (low) 















MODE Timing 
Setup time from MCLR high 
Hold time from MCLR high 





Notes: 1. Samplingcan be suspended if device is receiving data from host or if transmission to host is inhibited by host 
(CLK held low). 


2. These parameters are based on characterization and are not tested. 
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FIGURE 7.3 - TIMING DIAGRAMS 


4;5; 6; 7438 19 | 


TCLKH 





11 | 
Stop bit 


Button 
Sampling 


Motion 
Sampling 
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8.0 APPLICATION EXAMPLES 


Three distinct types of mice or trackball systems can be 
created using the MTA41300 controller. These systems 
are distinguished on the type of host interface they use. 
The three types are: RS-232 serial, IBM PS/2, ora 
“combo” interface that can operate in either RS-232 or 
PS/2. | 


Also, three example types of motion encoders are 
shown in the schematics (document number 41 XXXEN). 
_ Two types of optical encoders and a mechanical type 
are shown. 


All system types use momentary contact type switches 
for the button inputs including the drag lock input. 


8.1 RS-232 Serial Interface Mouse or 
Trackball | 


To operate the MTA41300 controller in the RS-232 
Serial Mode only, the MODE pin is simply connected to 
Vss. The example schematic (document number 
41300RSa), shows the MTA41300 configured as a RS- 
232 serial mouse or trackball. 


Trackball systems require the addition of the compo- 
nents labeled as trackball only. These components 
allow support of a drag lock switch and indicator. A pull- 
up resistor for the drag lock switch must be included for 
trackball systems. For a mouse the DBTN input is 
simply connected to Vop. 


Since the MTA41300 operates from a single supply a 
discrete transistor is used as a level shifter to insure that 
a low output on the RS-232 data line is below the -3V 
RS-232 threshold. 


8.2 PS/2 Interface Mouse or Trackball 


To operate the MTA41300 controller in the PS/2 Mode 
only, the MODE pin is simply connected to Vpp. The 
example schematic, document number 41300PSa, 
shows the MTA41300 configured as a PS/2 mouse or 
trackball. 7 


8.3 RS-232 and PS/2 “Combo” Mouse or 
Trackball 


The “combo” mouse system is designed to change its 
host interface to the desired protocol depending on the 
type of host system it is connected to. The schematic 
(document number 41300SPa) shows a typical “combo” 
mouse or trackball. In this system, the MODE select is 
wired to the host connector and is not connected directly 
to either VDD or Vss. 


For RS-232 operation, the RTS line is driven by the host 
to-12V. Aprotection diode limits the maximum negative 
voltage applied to the MODE pin to -.6V. This logical low 
on power-up places the MTA41300 in the RS-232 Serial 
Interface Mode. 


For PS/2 operation, a special adapter plug (document 
number 41300SPa, page 2) can be used to change the 
RS-232 DB-9 connector to the mini-DIN type used by 
PS/2 systems. The adapter plug also connects the 
MODE pin to +5V thus automatically configuring the 
MTA41300 for the PS/2 interface. : 


A t tem Devi rivers | 


The MTA41300 is compatible with standard IBM PS/2 
drivers and Microsoft device drivers. Additionally, host 
system device drivers for use with the MTA41300 are 
available from third party vendors. Contact your local 
Microchip Technology Inc. sales office for a list of 


- vendors currently offering device drivers for use with the 


MTA41300. 
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9.0 PACKAGING DIAGRAMS AND DIMENSIONS 
See Section 11 of the Data Book. 


10.0 PACKAGE MARKING INFORMATION 


18L PDIP Example 





MTA41300/P 
© 1993 A 








ENN AABB CDE NY) 9123 CBA 


18L SOIC Example 









MTA41300/S0 
©1993 A 


09118 CDK 


20L SSOP Example 






MMMMMMMM MTA41300 
MMMMMMIMM ©1993 A 
OW AaBB CDE C9051 CBP 


Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01') 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number 


Assembly code of the plant or country of origin in which 
part was assembled. 


Note: Inthe event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 
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NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


PART NO. -X /XX X 


Ly Revision 


Package: P PDIP 
SO 300 mil SOIC (Gull Wing Lead) 


SS 209 mil SSOP 


Temperature - 0°C to +70°C 
Range: | -40°C to +85°C 


Device: MTA41300 
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NAICROCHIP 


MTA41600 





UniMouse™ Mouse and Trackball Controller I.C. 





FEATURES 


Selectable for most popular communication formats 


Microsoft® serial interface format compatible 


Mouse Systems? serial interface format compatible 


IBM PS/2® mouse compatible host interface 


Apple® Macintosh® compatible host interface 


Single chip one, two or three-button mouse controller 


Motion sampling rate of 6000 Samples/second 
Available In: 

18-lead 300 mil PDIP 

18-lead 300 mil SOIC 

20-lead 209 mil SSOP 


FIGURE A - PIN CONFIGURATIONS 
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IBM PS/2® is a registered trademark of IBM Corp. 

Microsoft® is a registered trademark of Microsoft Corp. 

The code in this product was not developed or licensed by Microsoft Corporation. 
Apple® and Macintosh® are registered trademarks of Apple Corp. 

Mouse Systems® is a registered trademark of MSC Technologies Inc. 


UniMouse is a trademark of Microchip Technology Inc. 


The microcode contained in this product is copyrighted ©1994, all rights reserved. 





DESCRIPTION 


The MTA41600 is the heart of asimple, low-cost, univer- 
sal mouse solution. By combining the four most popular 
interface formats in a single controller, one pointing 
device can function with a wide variety of host machines. 
It can be configured to operate as either an IBM PS/2 
compatible mouse, an Apple Macintosh compatible 
mouse, a serial mouse that is Microsoft serial format 
compliant, or a serial mouse that is Mouse Systems 
serial format compatible. 


The MTA41600 is an 18-lead low-power CMOS inte- 
grated circuit. Combined with a few simple extemal 
components, a complete universal mouse solution can 
be realized. 
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MICROCHIP 


MTA81010 





PICSEE™ 28-Pin MCU with Serial EEPROM Multi-Chip Module 





FEATURES 
Multi-chip module 


PIC16C54 Microcontroller and 24LC01B Serial 
EEPROM in a single package 


512 x 12 EPROM program memory 
128 x 8 Serial EEPROM data memory 


Separate VbDD inputs for Microcontroller and 
Serial EEPROM 


e ESD protection > 4,000 V 


MICROCONTROLLER FEATURES 


High Performance RISC-like CPU 
¢ Only 33 single word instructions to learn 


All single-cycle instructions except for program 
branches which are two-cycle 


Operating speed: DC - 4 MHz clock input 
DC - 1 us instruction cycle 

12-bit wide instructions 

8-bit wide data path 

25 x 8 general purpose registers (SRAM) 

7 special function hardware registers 

2 level deep hardware stack 


Direct, indirect and relative addressing modes for 
data and instructions 


FIGURE A - PIN CONFIGURATIONS 
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PICSEE is a trademark of Microchip Technology Inc. 





Peripheral Features 
e 12 I/O pins with individual direction control 


° 8 bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 


e Power on reset 
Oscillator start-up timer 


Watchdog timer (WDT) with its own on-chip RC 
oscillator for reliable operation 


Security EPROM fuse for code-protection 
e Power saving SLEEP mode 
e EPROM fuse selectable oscillator options: 
- Lowcost RC oscillator: RC 

- Standard crystal/resonator: XT 

- Power saving low frequency crystal: LP 


CMOS Technology 
e Low-power, high-speed CMOS EPROM technology 
e Factory programming (QTP) available for EPROM 
e Fully static design 
¢ Wide operating voltage range: 

- Commercial: 2.5V to 6.25V 

- Industrial: 2.5V to 6.25V 
e Low power consumption 

- <2 mAtypical @ 5V, 4 MHz 

- 15 A typical @ 3V, 32 KHz 

- <3 pA typical standby current @ 3V, 0°C to 70°C 


SERIAL EEPROM FEATURES 


Single supply with operation down to 2.5 volts 
Low power CMOS technology 

- 1 mA active current typical 

- 10 A standby current typical at 5.5V 

- 5A standby current typical at 3.0V 

e Organized as a single block of 128 bytes (128 x 8) 
e Two-wire serial interface bus 

¢ Schmitt trigger, filtered inputs for noise suppression 
¢ Output slope control to eliminate ground bounce 

e 100 KHz and 400 KHz compatibility 

¢ Self-timed write cycle (including auto-erase) 

e Page-write buffer for up to 8 bytes 

e 2 ms typical write cycle time for page-write 

e Hardware write protect for entire memory 

¢ Can be operated as a serial ROM 

e¢ 1,000,000 ERASE/WRITE cycles (typical) 

e Data retention > 40 years 
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1.0 GENERAL DESCRIPTION 


The MTA81010 from Microchip Technology offers the 
unique combination of a EPROM-based microcontroller 
anda Serial EEPROM in a single package. It is a multi- 
chip module that combines a PIC16C54, low cost, high 
performance, 8-bit, fully static, EPROM-based CMOS 
microcontroller with a 24LC01B, a 1K bit Serial Electri- 
cally Erasable PROM. Combining these two popular 
chips into a single package reduces system cost, board 
area, and inventory. 


The microcontroller and EEPROM are electrically inde- 
pendent, sharing only a common ground (Vss). Inde- 
pendent power sources are valuable in power-con- 
scious applications where it may be desirable to power 
down the EEPROM when it is not being accessed. One 
of the microcontrollers output pins can supply power 
directly to the internal EEPROM's power pin thus avoid- 
ing the use of external power switching components. 


The microcontroller and serial EEPROM are exactly 
equivalent to their respective individual chips, the 
PIC16C54 and 24LC01B. 


1.1 APPLICATIONS 


The MTA81010 is ideally suited to a wide variety of 
applications including but not limited to; keyless entry, 
remote control, smart cards, and automotive controllers. 
The EPROM program memory makes customization of 
application programs fast and convenient. The EEPROM 
data memory is ideal for storing configuration informa- 
tion, access codes, serial numbers, and adaptive lookup 
tables. The small footprint packages available for through 
hole or surface mounting make MTA81010 perfect for 
applications with physical space limitations. Low-cost, 
low-power, high-performance, ease of use, I/O flexibil- 


ity, and nonvolatile EEPROM memory makes the 


MTA81010 the microcontroller of choice for a wide 
variety of systems. 


TABLE 1.0.1 - OVERVIEW 





* — Including special function registers 


T Includes RTCC pin. 





MTA81010 512x12| 128x8 }32x8) 13, 28L PDIP (600 mil), 28L SOIC (300 mil) 


1.2 MTA81010 SERIES OVERVIEW 


Depending on application and production requirements 
the proper device option can be selected using the table 
in this section. When placing orders, please use the 
"MTA81010 Product Identification System" on the back 
page of this data sheet to specify the correct part 
number. 


1.2.1 ONE-TIME-PROGRAMMABLE (OTP) 
DEVICES 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices have the oscillator type pre-config- 
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). 


The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the watch- 
dog timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The sixteen special EPROM bits for ID code 
storage are also user programmable. 


1.2.2 QUICK-TURNAROUND-PRODUCTION (QTP) 
DEVICES 


Microchip offers aQTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. | 
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FIGURE 2.1.1 -MTA81010 MICROCONTROLLER CHIP BLOCK DIAGRAM 
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2.0 MICROCONTROLLER SECTION 


The MTA81010 from Microchip Technology contains 
low-cost, high-performance, 8-bit, fully static, EPROM- 
based CMOS microcontroller. It employs a RISC-like 
architecture with only 33 single word/single cycle in- 
structions to leam. All instructions are single cycle 
except for program branches which take twocycles. The 
12-bit wide instructions are highly symmetrical resulting 
in 2:1 code compression over other 8-bit microcontrollers 
in its class. The easy to use and easy to remember 
instruction set reduces development time significantly. 


The MTA81010 product is equipped with special fea- 
tures that reduce system cost and power requirements. 
The poweron reset and oscillator start up timer eliminate 
the need for external reset circuitry. There are three 
oscillator configurations to choose from, including power 
saving LP (Low Power) oscillator, standard XT oscillator 
and cost saving RC oscillator. Power saving SLEEP 
mode, watchdog timer and code protection features 
improves system cost, power and reliability. 
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RBO-RB7 
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TABLE 2.1.1 - MICROCONTROLLER 


PIN FUNCTIONS 


VO PORT A 

/O PORT B 

Real Time Clock/Counter 
Master Clear 

Oscillator (input) 
Oscillator (output) 

Power supply 

Ground 

No (internal) Connection 
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FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE 





2.1 MICROCONTROLLER 
ARCHITECTURAL DESCRIPTION 


2.1.1 HARVARD ARCHITECTURE 


The MTA81XXxX family microcomputers contain a, high- 
speed, fully static CMOS CPU with EPROM, RAM, and 
I/O on a single die. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvardarchitecture). The data bus andmemory (RAM) 
are 8 bits wide while the program bus and program 
memory (EPROM) have a width of 12 bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
microcontroller core is given in Figure 2.1.1. 


2.1.2 CLOCKING SCHEME/INSTRUCTION CYCLE 


The clock input (from pin OSC1) is internally divided by 
four to generate four non overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, PC is incre- 
mented every Q1, instruction is fetched from program 
memory and latched into instruction register in Q4. It is 
decoded and executed during the following Q1 through 
Q4. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 


2.1.3 DATA REGISTER FILE 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 32 ad- 
dressable 8-bit registers including the I/O Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable (Figure 3.2.1). Data can be 
addressed direct or indirect using the file select register 
(f4). Immediate data addressing is supported by special 
‘literal" instructions which load data from program 
memory into the W register. 


Internal 
Phase 
Clocks 


The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the I/O port configuration, and the prescaler options. 


2.1.4 ARITHMETIC/LOGIC UNIT (ALU) 


The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool- 
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.1.5 PROGRAM MEMORY 


512 words of 12-bit wide on-chip program memory 
(EPROM) can be directly addressed (Figure 3.3.1). 
Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera- 
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc- 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 


ere it pC EE GAAS PA CE AT SP POSER ePTFE SESS AS PPC SDH TOT PPC Et PEASE SES YESS A A STS SEES SSE LS SEIT 


© 1994 Microchip Technology Inc. 


DS39005C - page 5 





MTA81010 





3.0 OPERATIONAL REGISTER 
FILES | 


3.1 FO INDIRECT DATA ADDRESSING 


This is not a physically implemented register. Address- 
ing fO calls for the contents of the File Select Register to 
be used to select a file register. f0 is useful as an indirect 
address pointer. For example, in the instruction ADDWF 
f0, W will add the contents of the register pointed to by 
the FSR (f4) to the content of the W Register and place 
the result in W. 


If {0 itself is read through indirect addressing (i.e. FSR = 
Oh), then OOh is read. If f0 is written to via indirect 
addressing, the result will be a NOP. 


3.2 Fi REAL TIME CLOCK/COUNTER 
REGISTER (RTCC) 


This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an extemal signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 3.1.1 is a simplified block 
diagram of RTCC. 


An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the 'OPTION' instruction. See Section 6.4 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing tof1 (e.g. CLRF 1, or BSF1, 5, ...etc.) 
clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines, if f1 is incremented internally or 
externally. 


RTS=1: The clock source for the RTCC or the pres- 
caler, if assigned to it, is the signal on the 
RTCC pin. Bit 4 of the OPTION register (RTE) 
determines if an increment occurs on the fall- 
ing (RTE=1) or rising (RTE=0) edge of the 
Signal presented to the RTCC pin. — 


RTS=0: The RTCC register or its prescaler, respec- 
tively, will be incremented with the internal 
instruction clock (= Fosc/4). The "RTE" bit in 
the OPTION register and the RTCC pin are 
"don't care" in this case. However, the RTCC 
pin must be tied to VDD or Vss, whatever is 
convenient, to prevent unintended entering of 
test modes and to reduce the current con- 
sumption in low power applications. 


As long as clocks are applied to the RTCC (from intemal 
or external source, with or without prescaler), f1 keeps 
incrementing and just rolls over when the value "FFh" is 
reached. All increment pulses for f1 are delayed by two 
instruction cycles. After writing to f1, for example, no 


increment takes place for the following two instruction 


cycles. This is independent ff internal or external clock 
source is selected. If a prescaler is assigned to the 
RTCC, the output of the prescaler will be delayed by two 
cycles before fi is incremented. This is true for instruc- 
tions that either write to or read-modify-write RTCC (e.g. 
MOVF f1, CLRF f1). For applications where RTCC 
needs to be tested for zero without affecting its count, 
use of MOVF f1, Winstruction is recommended. Timing 
diagrams in Figure 3.2.2 show RTCC read, write and 
increment timing. 


3.2.1 Using RTCC With External Clock 


When extemal clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurrence of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 3.1.1, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tosc and low for at least 2 tosc 
where tosc = oscillator time period. 


FIGURE 3.1.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 


fosc/4 


RTCC 


PIN 
RTE 


PROGRAMMABLE 
PRESCALER 


PS2, PS1, PSO 


DATA BUS 


fs 
SYNC WITH 


INTERNAL RTCC (8) 
CLOCKS — 


(2 CYCLE DELAY) 


PSA 


Notes: 1. Bits RTE, RTS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 8.0.1). 
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FIGURE 3.2.1 - MTA81010 MICROCONTROLLER DATA MEMORY MAP 
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(*). Not a physically implemented register. See Section 4.0 for details 
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When no prescaler is used, PSOUT (Prescaler output, 
see Figure 5) is the same as RTCC clock input and 
therefore the requirements are: 


TRTH = RTCC high time 2 2tosc + 20 ns 


TRTL = RTCC low time > 2tosc + 20 ns 


When prescaleris used, the RTCC inputis divided bythe 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 


N.TRT 
Then: PsouT high time = PsouT low time = 9 


where TRT = RTCC input period and N = prescale 





value (2, 4, ...., 256). The requirement is, therefore 
TAT 4t 40 
a > 2tosc + 20 ns, or TRT > ao ns 


The user will notice that no requirement on RTCC 
high time or low time is specified. However, ifthe high 
time or low time on RTCC is too small then the pulse 
may not be detected, hence a minimum high or low 
time of 10 ns is required. In summary, the RTCC input 
requirements are: 

TRT = RTCC period 2 (4 tosc + 40 ns)/N 

TRTH = RTCC high time 2 10 ns 


TRTL = RTCC low time 2 10 ns 
Delay from external clock edge: Since the prescaler 


output is synchronized with the internal clocks, there 
is a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 3.2.3, the reader can see that this 
delay is between 3 tosc and 7 tosc. Thus, for ex- 


ample, measuring the interval between two edges 
(e.g. period) will be accurate within +4 tosc (+1 us @ 
4 MHz). 


3.3 f2 PROGRAM COUNTER 


The program counter generates the addresses for 
512 x 12 on-chip EPROM cells containing the pro- 
gram instruction words (Figure 3.3.1). 


The program counter and its associated two-level 
hardware stack is 9-bits wide. 


The program counter is set to all “1"s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) "GOTO" instructions allow the direct loading of 
the lower 9 program counter bits (PC <8:0>). 


b) "CALL" instructions load the lower 8-bit of the PC 
directly while the ninth bit is cleared to "0". The 
PC value, incremented by one, will be pushed 
into the stack. 


c) "RETLW" instructions load the program counter 
with the top of stack contents. 


d) If PC is the destination in any instruction (e.g. 
MOVWF 2, ADDWF 2, or BSF 2,5) then the 
computed 8-bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will 
be cleared. 


It should be noted that because bit 8 (ninth bit) of PC 
is cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF 2), all subroutine calls 
or computed jumps are limited to the first 256 loca- 
tions of any program memory page (512 words long). 


FIGURE 3.2.2A - RTCC TIMING: INT CLOCK/NO PRESCALE 
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3.4 STACK 


The MTA81010 series employs a two level hardware 
push/pop stack (Figure 3.3.1). 


CALL instructions push the current program counter 
value, incremented by "1", into stack level 1. Stack 
level 1 is automatically pushed to level 2. If more than 
2 subsequent "CALL"s are executed, only the most 
recent two return addresses are stored. 


RETLW instructions load the contents of stack level 
1 into the program counter while stack level 2 gets 
copied into level 1. If more than 2 subsequent 
"RETLW's are executed, the stack will be filled with 
the address previously stored in level 2. 


FIGURE 3.2.3 - RTCC TIMING WITH EXTERNAL CLOCK 


| Gt 12 103.104 1 Q1102 103104 | Q11 21GB 14 | AI G21@ la | 


EXT CLOCK INPUT OR ; 
PRESCALER OUT (NOTE 2) 


EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 


INCREMENT RTCC (Q4) 


RTCC 


Notes: 


' Small pulse 1 
misses sampling 


1. Delay from clock input change to RTCC increment is 3 tosc to 7 tose. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input = + 4 tosc max. 

2. Extemal clock if no prescaler selected, Prescaler output otherwise. 

3. The arrows indicate the points in time where sampling occurs. 





FIGURE 3.3.1 - PROGRAM MEMORY ORGANIZATION 
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3.5 {3 STATUS WORD REGISTER 


This register contains the arithmetic status of the 
ALU, the RESET status. 


The status register (f3) can be destination for any 
instruction like any other register. However, the 
Status bits are set after the following write. Further- 
more, TO and PD bits are not writable. Therefore, the 
result of an instruction with status register as destina- 
tion may be different than intended. For example, 


FIGURE 3.5.1 - STATUS WORD REGISTER f3 


® 6) a @ 


eTown rope [ro] 2 Tele 


CLREF f3 will clear all bits except for TO and PD and 
then set the Z bit and leave status register as 
000UU100 (where U = unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status 
registers because these instructions do not affect any 
status bit. 


For other instructions, affecting any status bits, see 
section "Instruction Set Summary" (Table 9.0.1). 


RESET CONDITION: 

PA2,PA1, PAO cleared to ‘0’. 

TO, PD are set or reset as shown in Table 3.5.2.2 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRY/BORROW BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 


DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This bit 
is reset to "O" by a SLEEP instruction. 


TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "0" by a watchdog timer time out. 


PIC16C54/C55: Two general purpose read/write bits 


BIT 7: General purpose read/write bit 
(reserved for future use) 
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3.5.1 Carry/Borrow and Digit Carry/ 
Borrow Bits 


The Carry bit (C) is a carry out in addition operation 
(ADDWF) and a borrow out in subtract operation 
(SUBWF). 


It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit opera- 
tion: 

; SUBWF Example #1 








clrf 0x20 3£(20h) =0 

moviw 1 pwreg=1 

subwf 0x20 ;£ (20h) =f (20h) -wreg=0-1=FFh 
:;Carry=0: Result is negative 


; SUBWF Example #2 

movlw OxFF ; 

movwf 0x20 ;£(20h) =FFh 

clrw ;wreg=0 

subwf 0x20 3£(20h) =£ (20h) -wreg=FFh-0=FFh 
;Carry=1: Result is positive 

The digit carry operates in the same way as the carry 

bit, i.e. it is a borrow in subtract operation. 


3.5.2 Time Out and Power Down Status 
Bits (TO, PD) 


The "TO" and "PD" bits in the status register f3 can be 
tested to determine if a RESET condition has been 
caused by a watchdog timer time-out, a power-up 
condition, or a wake-up from SLEEP by the watchdog 
timer or MCLR pin. 


These status bits are only affected by events listed in 
Table 3.5.2.1. 


3.6 f4 FILE SELECT REGISTER (FSR) 


Bits 0-4 select one of the 32 available file registers 
in the indirect addressing mode (that is, calling for file 
fO in any of the file oriented instructions). 





Bits 5-7 of the FSR are read-only and are always read 
as “one's. 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


TABLE 3.5.2.1 - EVENTS AFFECTING PD/ 
TO STATUS BITS 


Power-up 
WDT Time-out No effect on PD 
SLEEP instruction 


CLRWODT instruction 























Note: A WDT time-out will occur regardless of the 
status of the TO bit. ASLEEP instruction willbe 
executed, regardless of the status of the PD bit. 
Table 3.5.2.2 reflects the status of PD and TO 
after the corresponding event. 


TABLE 3.5.2.2 - PD/TO STATUS AFTER 


RESET 


WDT wake-up from SLEEP 
WDT time-out (not during SLEEP) 
MCLR wake-up from SLEEP 
Power-up 

= Low pulse on MCLR input 














Note: The PD and TO bit maintain their status (X) 
until an event of Table 3.5.2.1 occurs. A low- 
pulse on the MCLR input does not change the 
PD and TO status bits. : 





4.0 I/O REGISTERS (PORTS) 


The I/O registers can be written and read under 
program control like any other register of the register 
file. However, “read” instructions (e.g. MOVF 6,W) 
always read the I/O pins, regardless if a pin is defined 
as "input" or "output." Upon a RESET condition, all I/ 
O ports are defined as “input” (= high impedance 
mode) as the !/O control registers (TRISA, TRISB) 
are all set to "ones." 


The execution of a "TRIS f" instruction with corre- 
sponding "Zeros" in the W-register is necessary to 
define any of the I/O pins as output. 


4.1 £5 (PORT A) 


4-bit I/O register. Low order 4 bits only are used (RAO 
- RA3). Bit 4-7 are unimplemented and read as 
"Zeros." 


4.2 f6 (PORT B) 
8-bit I/O register. 


4.3 F7 
General purpose register. 
4.4 WOINTERFACING 


The equivalent circuit for an I/O port bit is shown in 
Figure 4.4.1. All ports may be used for both input and 
output operations. For input operations these ports 
are non-latching. Any input must be present until read 
by an input instruction (e.g. MOVF 6, W). The outputs 
are latched and remain unchanged until the output 
latch is rewritten. To use a port pin as output, the 
corresponding direction control bit (in TRISA, TRISB) 
must be set to zero. For use as an input, the corre- 
sponding TRIS bit must be "one". Any I/O pin can be 
programmed individually as input or output. 
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4.5 I/O PROGRAMMING CONSIDERATIONS 
4.5.1 Bidirectional I/O Ports 


a) Some instructions operate internally as read fol- 
lowed by write operations. The BCF and BSF 
instructions, for example, read the entire port into 
the CPU, execute the bit operation, and re-output 
the result. Caution must be used when these in- 
structions are applied to a port where one or more 
pins are used as input/outputs. For example, a 
BSF operation on bit 5 of f6 (Port B) will cause all 
eight bits of f6 to be read into the CPU. Then the 
BSF operation takes place on bit 5 and {6 is re- 
output to the output latches. If another bit of f6 is 
used as a bidirectional I/O pin (say bit 0) and it is 
defined as an input at this time, the input signal 
present on the pin itself would be read into the CPU 
and rewritten to the data latch of this particular pin, 
overwriting the previous content. As longas the pin 
stays in the input mode, no problem occurs. How- 
ever, if bit 0 is switched into output mode later on, 
the content of the data latch may now be unknown. 


b) A pin actively outputting a "0" or "1" should not be 
driven from external devices at the same time in 
order to change the level on this pin ("wired-or", 
“wired-and"). The resulting high output currents 
may damage the chip. 


For “wired-or" outputs (assuming negative logic), it 
is recommended to use external pull-up resistors 
on the corresponding pins. The pin should be left 
in high-impedance mode, unless a "0" has to be 
output. Thus, external devices can drive this pin 
"0" as well. "Wired-and" outputs can be realized in 
the same way, but with external pull-down resis- 
tors and only actively driving the "1" level from the 
PIC16C54. The resistor values are user select- 
able, but should not force output currents above 
the specified limits (see DC Characteristics). 


4.5.2 Successive Operations on I/O Ports 


The actual write to an I/O port happens at the end of 
an instruction cycle, whereas for reading, the data 
must be valid at the beginning of the instruction cycle 
(see Figure 4.5.2.1). Therefore, care must be exer- 
cised if a write followed by a read operation is carried 
out on the same I/O port. The sequence of instruc- 
tions should be such to allow the pin voltage to 
stabilize (load dependent) before the next instruction 
which causes that file to be read into the CPU is 
executed. Otherwise, the previous state of that pin» 
may be read into the CPU rather than the new state. 
When in doubt, it is better to separate these instruc- 
tions with a NOP or an other instruction not accessing 
this I/O port. 


4.5.3 Operation in Noisy Environment 


In noisy application environments, such as keyboards 
which are exposed to ESD (Electro Static Discharge), 
register contents can get corrupted due to noise 
spikes. 


The on-chip watchdog timer will take care of all 
situations. involving program sequence "lockups." 
However, if an I/O control register gets corrupted, the 
program sequence may still be executed properly 
although an input pin may have switched unintention- 
ally to an output. In this case, the program would 
always read the same value on this pin. This may 
result, for example, in a keyboard “lockup" situation 
without leading to a watchdog timer timeout. Thus, it 
is recommended to redefine all 1/O pins in regular 
time intervals (inputs as well as outputs). The optimal 
strategy is to update the I/O control register every 
time before reading input data or writing output data. 


FIGURE 4.4.1 - EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN 
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FIGURE 4.5.2.1 - /O PORT READ/WRITE TIMING 
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NOP NOP write to port B followed 
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5.0 GENERAL PURPOSE 7.0 RESET CONDITION 
REGISTERS 


fO8h - f1Fh: are general purpose register files. 


A RESET condition can be caused by applying power 
to the chip (power-up), pulling the MCLR input "low", 
or by a Watchdog timer time-out. The device will stay 


in RESET as long as the oscillator start-up timer 
6.0 SPECIAL PURPOSE (OST) is active or the MCLR input is "low." 








REGISTERS The oscillator start-up timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
6.1 W WORKING REGISTER case of power on reset with MCLR tied to Vop the 
Holds second operand in two operand instructions OST starts from power-up. In case of WDT time-out, 
and/or supports the internal data transfer. it will start at the end of the time-out (since MCLR is 
high). In case of MCLR reset, the OST will start when 
6.2 TRISA W/OCONTROL REGISTER MCLR goes high. The nominal OST time-out period 
FOR PORT A (F5) is 18ms. See Section 12.0 for detailed information on 

OST and power on reset. 
Only bits 0-3 are available. The comesponaing V0 During a RESET condition the state of the PIC16C54 

port (f5) is only 4-bit wide. is defined as : 
6.3 TRISB W/O CONTROL REGISTER e The oscillator is running, or will be started (power- 
FOR PORT B (f6) up or wake-up from SLEEP). 


The I/O control registers will be loaded with the * All I/O port pins (RAO - RAS, RBO - RB7) are put 


content of the W register by execution of the TRIS f dll delete ores 2 oe “TRIS 
instruction. A "1" in the I/O control register puts the registers to all "ones" (= input mode). 
corresponding |/O pin into a high impedance mode. A e The Program Counter is set to all "ones". 

"0" puts the contents of file register {5 or 16, respec- ¢ The OPTION register is set to all "ones". 

tively, out on the selected I/O pins. 


These registers are "write-only" and are set to all 
“ones" upon a RESET condition. 


e The Watchdog Timer andits prescaler are cleared. 


e The upper three bits (page select bits) in the 
Status Register (f3) are cleared to "zero." 


6.4 OPTION PRESCALER/RTCC 3 e "RC" devices only: The "CLKOUT" signal on the 
OPTION REGISTER OSC2 pin is held at a "low" level. 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the 
RTCC. The OPTION register is “write-only" and is 6 
bit wide. 


By executing the "OPTION" instruction, the contents 
of the "W" register will be transferred to the option 
register. Upon a RESET condition, the option register 
is set to all "ones." 
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FIGURE 6.5.1 - OPTION REGISTER 


5 2 1 0 
[rats [wre | ps | pse | psi] Po | 


PRESCALER RTCC RATE | WOT RATE 


RESET VALUE: 111111b 


0 1 
0 1 
1 1 
1 1 
0 1 
0 1 
1 1 
1 1 


PRESCALER ASSIGNMENT BIT: 
0.... RTCC 
1... WOT 


RTCC SIGNAL EDGE: 
0.... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 


0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 


Vases 


8.0 PRESCALER 


An 8-bit counter is available as a prescaler for the 
RTCC, or as a post-scaler for the watchdog timer, 
respectively (Figure 8.0.1). For simplicity, this counter 
is being referred to as "prescaler" throughout this 
data sheet. Note that there is only one prescaler 
available which is mutually exclusively shared be- 
tween the RTCC and the watchdog timer. Thus, a 
prescaler assignment for the RTCC means that there 
is no prescaler for the watchdog timer, and vice versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale 
ratio. | 


When assigned to the RTCC, all instructions writing 
to the RTCC (e.g. CLRF 1, MOVWF 1, BSF 1,x 
....@tc.) will clear the prescaler. When assigned to 
WDT, a CLRWDT instruction will clear the prescaler 
along with the watchdog timer. 2 20 


TRANSITION ON RTCC PIN 





8.1 SWITCHING PRESCALER 
ASSIGNMENT 


CHANGING PRESCA FROM RTCC T DT 


The prescaler assignment is fully under software 
control, i.e., it can be changed “on the fly" during 
program execution. To avoid an unintended device 
RESET, the following instruction sequence must be 
executed when changing the prescaler assignment 
from RTCC to WDT: 


1. MOVLW B'xx0xOxxx' __; Select internal clock and select new 


2. OPTION : prescaler value. If new prescale value 
; is = '000' or '001', then select any other 

; prescale value temporarily. 

3. CLRF 1 ; Clear RTCC and prescaler. 

4. MOVLW B'xxxxtxxx' —_; Select WDT, do not change prescale 
: value. 

5. OPTION : 

6. CLRWDT : Clears WDT and prescaler. — 


7. MOVLW B'xxxxixxx’ —_; Select new prescale value. 
8. OPTION | ; | | 


Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if 
the desired prescale value is '000' or ‘001’. - 


CHANGING PRESCALER FROM WDT TO RTCC 


To change prescaler from WDT to RTCC use the 
following sequence: 


1. CLRWDT : Clear WDT and prescaler 

2. MOVLW B'xxxx0xxx' ; Select RTCC, new prescale value 
; and clock source 

3. OPTION : 
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FIGURE 8.0.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 


CLKOUT (=Fose/4) 


8-BIT COUNTER 


8-TO-1 MUX 


WOT ENABLE 
EPROM FUSE 


TIMEOUT 


9.0 BASIC INSTRUCTION SET 
SUMMARY 


Each PIC16C54 instruction is a 12-bit word divided 
into an OPCODE which specifies the instruction type 
and one or more operands which further specify the 
operation of the instruction. The PIC16C54 instruc- 
tion set summary in Table 9.0.1 lists byte-oriented, 
bit-oriented, and literal and control operations. 


For byte-oriented instructions, “f" represents a file 
register designator and "d" represents a destination 
designator. The file register designator specifies which 
one of the thirty-two PIC16C54 file registers is to be 
utilized by the instruction. 


The destination designator specifies where the result 
of the operation is to be placed. If "d" is zero, the result 
is placed in the W register. If “d“ is one, the result is 
placed in the file register specified in the instruction. 


For bit-oriented instructions, “b" represents a bit field 
designator which selects the number of the bit af- 
fected by the operation, while "f" represents the 
number of the file in which the bit is located. 


For literal and control operations, "k" represents an 
eight or nine bit constant or literal value. 


All instructions are executed within one single in- 
struction cycle, unless a conditional test is true or the 
program counter is changed as a result of an instruc- 
tion. In this case, the execution takes two instruction 
cycles. One instruction cycle consists of four oscilla- 
tor periods. Thus, for an oscillator frequency of 4 
MHz, the normal instruction execution time is 1 us. If 
a conditional test is true or the program counter is 
changed as a result of an instruction, the instruction 
execution time is 2 us. | 


DATA BUS 


8 


SYNC 


2 RTCC (f1) 
CYCLES 


—— PSO-PS2 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 





Notes to Table 9.0.1 


Note 1: The 9th bit of the program counter will be 
forced to a "zero" by any instruction that 
writes to the PC (f2) except for GOTO (e.g. 
CALL, MOVWF 2 etc.). See Section 3.3 on 
page 8 for details. 


Note 2: When an I/O register is modified as a function 
of itself (e.g. MOVF 6,1 ), the value used will 
be that value present on the pins themselves. 
For example, if the data latch is "1" for a pin 
configured as output and is driven low by an 
external device, the data will be written back 
with a ‘O'. 

Note 3: The instruction “TRIS f" , where f = 5 or 6 
causes the contents of the W register to be 
written to the tristate latches of the specified 
file (port). A "one" forces the pin to a high 
impedance state and disables the output 
buffers. 


Note 4: If this instruction is executed on file register 
f1 (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 


Ae NTR RAE Dp SRS SENOS ESE A PSP ISP CSE PS SPREE FE tA POSS Er GREE ESA EEE EY fi a PT TEE NTE PS NR PT ET TTS ET UTES, 
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TABLE 9.0.1 - INSTRUCTION SET SUMMARY 


(11-6) (5) __ (4 - 0) 


oPCODE | d | f{(FILE#) 


d= 0 for destination W 
d= 1 for destination f 


Operation Status Affected Notes 


BYTE-ORIENTED FILE REGISTER OPERATIONS 





Instruction-Binary (Hex) Name Mnemonic, Operands 


0001 1idf 
0001 OldE 
0000 011£ 
0000 0100 
0010 O1df 
0000 11dE£ 
0010 11df 
0010 10d£ 
0011 11idE£ 
0001 00dE£ 
0010 O00dE£ 
0000 001£f 
0000 0000 
0011 Old£t 
0011 00dE 


0000 10df 
0011 10df 


Add W and f 
AND W and f 
Clear f 

Clear W 


Complement f 
Decrement f 


Decrement f, Skip if Zero 


Increment f 


Increment f, Skip if zero 
Inclusive OR W and f 


Move f 
Move W to f 
No Operation 
Rotate left f 
Rotate right f 


Subtract W from f 


Swap halves f 


ADDWF {,d W+f-d 
ANDWF f,d W&f—-d 


CLRF 
CLRW 
COMF 
DECF 
DECFSZ 
INCF 
INCFSZ 
lORWF 
MOVF 
MOVWF 
NOP 
RLF 
RRF 


SUBWF 
SWAPF 


0 f 

03> W 

fod 

f-i—-d 

f-1— d, skip if zero 

f+i—od 

f+1—>d, skip if zero 

Wvf-d 

fd 

W > f 

f(n) —» d(n+1), C > d(0), (7) + C 
f(n) —> d(n-1), C — d(7), (0) + C 
f-W—d [f+W+1—>d] 


{(0-3) <> (4-7) od 


0001 10d£ Exclusive OR W and f XORWF We fd 


(11-8) (7-5) (4 - 0) 


Status Affected Notes 


BIT-ORIENTED FILE REGISTER OPERATIONS 





Instruction-Binary (Hex) Name Mnemonic, Operands Operation 
0100 bbbf ff££ 4bf£ 
0101 bbbf f£Ef Sbf 
0110 bbbf fFfff 6bf 


0111 bbbf f£f£FEF Tht 


Bit Clear f | BCF ‘ 


f 0 > f(b) None 2,4 
Bit Set f BSF f, 

f 

f 


b 

b 1 ->f(b) None 2,4 
,b Test bit (b) in file (f): Skip if clear None 

b Test bit (b) in file (f): Skip if set None 


Bit Test f, Skip if Clear BTFSC 
Bit Test f, Skip if Set BTFSS 


(11-8) (7 - 0) 
OPCODE k (LITERAL) 


| Status Affected Notes 


LITERAL AND CONTROL OPERATIONS 





Instruction-Binary (Hex) Name Mnemonic, Operands Operation 
AND Literal and W ANDLW 
Call subroutine CALL 
Clear Watchdog timer  CLRWDT 
Go To address (k is 9 bit) GOTO 
Incl. OR Literal and W IORLW 
Move Literal to W MOVLW 
Load OPTION register OPTION 
Return, place Literalin WW RETLW 
Go into standby mode SLEEP 
Tristate port f TRIS 
Excl. OR LiteralandW § XORLW 


k&W—>W Z 

PC + 1—>» Stack, k > PC None 1 

0 — WDT (and prescaler, if assigned) TO, PD 

k—» PC (9 bits) None 

kvW>W Z 

k—W None 

W.— OPTION register None 

k —» W, Stack —» PC None 

0 —» WDT, stop oscillator TO, PD 

W-> 1/0 control register f None 3 
 kKOW OW | Z 


1110 kkkk kkkk 
1001 kkkk kkkk 
0000 0000 0100 
101k kkkk kkkk 
1101 kkkk kkkk 
1100 kkkk kkkk 
0000 0000 0010 
1000 kkkk kkkk 
0000 0000 0011 
0000 0000 OffFf 
1111 kkkk kkkk 


ie oe oe ee eo oY 





Notes: See previous page 





DS39005C - page 16 


© 1994 Microchip Technology Inc. 
4-136 


MTA81010 





9.1 INSTRUCTION DESCRIPTION 


Operation: 
Status bits: 
Description: 


Status bits: 
Description: 


ANDWE 


Operation: 
Status bits: 
Description: 


BCF 
Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 
Description: 


ADD W to f 
ADDWF fd 


1 

1 
(W+f)>d 
C,DC,Z 


Add the contents of the W register to 
register “f’. If “d” is 0 the result is stored 
in the W register. If “d’ is 1 the result is 
stored back in register “f”. 


AND Literal and W 
ANDLW_ k 


| 
1 
(W .AND. k) > W 
Zz 


The contents of W register are AND’ed 
with the eight bit literal “k’”. The result is 
placed in the W register. 


AND W with f 
ANDWF _ f,d 


0001 | Oldf | £f£ff 


1 
1 
(W .AND. f) 3d 
Z 


AND the W register with register “f’. If “d” 
is O the result is stored in the W register. 
If “d” is 1 the result is stored back in 
register “f’. 


Bit Clear f 
BCF f,b 
, 

1 

0 — f(b) 
None 


Bit “b” in register “f’ is reset to 0. 


BSF 


Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


Bit Set f 
BSF f,b 


1 

1 

1 - f(b) 

None 

Bit “b” in register “f’ is set to 1. 


BTFSC Bit Test, skip if Clear 


Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


BTFSC f,b 
1 

1(2) 

skip if f(b) = 0 
None 


If bit “b” in register ‘f’ is “O” then the next 
instruction is skipped. 

If bit “b” is “O”, the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in- 
stead making this a 2 cycle instruction. 


BTFSS Bit Test, skip if Set 


Syntax: 


- Encoding: 


Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


ALL 
Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 


Status bits: 


BTFSS  f,b 
1 

1 (2) 

skip if f(b) = 1 
None 


If bit “b” in register ‘f’ is “1” then the next 
instruction is skipped. 


Ifbit"b"is"1", the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in- 
stead making this a 2 cycle instruction. 


routin T 
CALL k 


1001 | kkkk | kkkk 
1 
2 


PC + 1 — TOS; k — PC<7:0>, 
'0' > PC<8>, PA2, PA1, PAO > 
PC<11:9>; 


None 
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Description: Subroutine call. First, retum address (PC 
| + 1) is pushed into the stack. The eight bit 

value is loaded into PC bits <7:0>. PC bit 

9iscleared. PC <2:0> bits are loaded into 

PC <11:9>. CALL is a two cycle instruc- 


tion. 
CLRE Clear f and Clear d__ 
Syntax: CLRF fd 
Encoding 
Words: 1 
Cycles: es 
Operation: O0h-—f,00h —d 


Status bits: None 


Description: The contents of register “f’ are set to 0. If 
“d’ is 0 the contents of both data memory 
location “f” and W register are set to O. If 
“d’ is 1 the only contents of register “f’ are 


; set to 0. | 
CLRW___ Clear W Register 
Syntax: CLRW 7 
Encoding: 
Words: 1 | —s 
Cycles: 4 
Operation: OOh—W 


Status bits: Z 
Description: Wregisteredis cleared. Zero bit (Z) is set. 


CLRWDT__Clear Watchdog Timer 





Syntax: CLRWDT | 

Words: 1 

Cycles: 1 

Operation: 00h -—»WDT, 0 — WDT prescaler, 
Status bits: 1—>TO,1—>PD 


Description: CLRWDT instruction resets the watch- 
dog timer. It also resets the prescaler of 
the WDT. Status bits TO and PD are set. 


COMF Complement f_ 


Syntax: -COMF _ fd 
Words: 1 

Cycles: 1 
Operation: fod 
Status bits: Z 


Description: The contents of register “f’ are comple- 
mented. If “d” is O the result is stored in W. 
lf “d’ is 1 the result is stored back in 
register “f’. 


DECF 
Syntax: 
Encoding: 
Words: 
Cycles: 
Operation: 
Status bits: 


Description: 


Decrement f 
DECF f,d 


{ 
{ 
(f-1) 3d 
C,DC,Z 


Decrement register “f’. If “d” isO the result 
is stored in the W register. If “d” is 1 the 
result is stored back in register “f’. 


DECFSZ_ _ Decrement f, skip if 0 


Syntax: DECFSZ f,d 

Words: 1 : 

Cycles: 1 (2) 

Operation: (f-1)—d; skip if result = 0 

Status bits: None 

Description: The contents of register “f’ are decre- 
mented. If “d” is 0 the result is placed in 
the W register. If “d” is 1 the result is 
placed back in register “f’. If the result is 
0 the next instruction is skipped. 
lf the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 

GOTO Unconditional Branch 

Syntax: GOTO k 

Words: 1 

Cycles: 2 

Operation: k— PC<8:0>, PA2, PA1, PAO 
— PC<11:9>; 

Status bits: None 

Description: GOTO is an unconditional branch. The 
eleven bit immediate value is loaded into 
PC bits <10:0>. The upper bits of PC are 
loaded from PCLATH <4:3>. GOTOisa 
two cycle instruction. 

INCF increment f 

Syntax: INCF f,d 

Words: 1 

Cycles: 1 

Operation: (f+1)~d 

Status bits: C,DC,Z 





DS39005C - page 18 


© 1994 Microchip Technology Inc. 


Description: The contents of register “f’ are incre- 
mented. If “d” is 0 the result is placed in 
the W register. If “d” is 1 the result is 
placed back in register “T’. 





INCFSZ Increment f, skip if 0 
Syntax: INCFSZ  f,d 

Encoding: 
Words: 1 

Cycles: 1 (2) 


Operation: (f+ 1)-—d, skip if result = 0 
Status bits: None 


Description: The contents of register “f’ are incre- 
mented. If “d” is 0 the result is placed in 
the W register. If “d’ is 1 the result is 
placed back in register ‘f’. If the result is 
0 the next instruction is skipped. 


if the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 


1ORLW___Inclusive OR Literal with W__ 
Syntax: IORLWsik 

Encoding: 

Words: 1 

Cycles: 1 


Operation: (W.OR.k)—>W 
Status bits: Z 


Description: The contents of the W register are OR’ed 
with the eight bit literal “k”. The result is 
placed in the W register. 


lIORWF Inclusive OR W with f 
Syntax: IORWF fd 


Encoding: ett 
Words: 1 
Cycles: 1 


Operation: (W.OR.f)-d 

Status bits: Z 

Description: Inclusive OR the W register with register 
“f’. If “d” is 0 the result is stored in the W 


register. If“d” is 1 the result is stored back 
in register ‘fT’. 


MTA81010 


MOVF Move f 
Syntax: MOVF _ f,d 


Words: 1 
Cycles: 1 


Operation:  (f)-~d 

Status bits: Z 

Description: The contents of register "f* are moved. If 
"d" is O the result is placed in the W 


register. If "d" is 1 the result is placed 
back in register "f". 


MOVLW___ Move Literal to W 
Syntax: MOVLW_ k 

Encoding: 
Words: 1 

Cycles: 1 


Operation: k—W 
Status bits: None 
Description: The eight bit literal “k” is loaded into W 


register. 
MOVWE__ Move W tof 
Syntax: MOVWF if 
Words: 1 
Cycles: 1 


Operation: W-f 
Status bits: None 
Description: Move data from W register to register “f’. 





NOP No Operation 
Syntax: NOP 

Words: 1 

Cycles: 1 


Operation: No operation 
Status bits: None 
Description: No operation 





OPTION Load Option Reaister 
Syntax: OPTION 

Words: 1 

Cycles: 1 


Operation: W -— OPTION; 
Status bits: None 


Description: Thecontents ofthe W register is loaded in 
the OPTION register. 
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RETLW__ Return Literal to W 
Syntax: RETLW_ k 


Words: 1 
Cycles: 2 


Operation: k —W; TOS -> PC; 
Status bits: None 


Description: The W register is loaded with the eight bit 
literal “k”. The program counter is loaded 
from the top of the stack (the return 
address). This is a two cycle instruction. 


RLF____ Rotate Left f through Carry _ 
Syntax: RLF f,d 

Encoding: 

Words: 1 

Cycles: 1 


Operation: f<n>— d<n+1>, f<7>— C, C — d<0>; 
Status bits: C 


Description: The contents of register “f are rotated 
one bit to the left through the Carry Flag. 
If “d” is O the result is placed in the W 
register. If“d” is 1 the result is stored back 


in register “f’. 
RRF Rotate Right_f through Carry 
Syntax: RRF f,d 
Encoding: 
Words: 1 
Cycles: 1 


Operation: f<n> +den-1>, f<0> >C, C->d<7>; 
Status bits: C 


Description: The contents of register “f are rotated 
one bit to the right through the Carry Flag. 
If “d” is 0 the result is placed in the W 
register. If“d’is 1 the resultis placed back 
in register “f’. 


SLEEP 
Syntax: SLEEP | 
Encoding: 
Words: 1 
Cycles: 1 
Operation: 0->PD,1 — TO; 
00h — WDT, 0 > WDT prescaler; 
Status bits: TO, PD 
Description: The power down status bit (PD) is cleared. 


Time-out status bit (TO) is set. Watchdog 
Timer and its prescaler are cleared. 





The processor is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 


SUBWF Subtract W_ from f 2 
Syntax: SUBWF fd 





Words: 1 
Cycles: 1 


Operation: (f-W) ~d 
Status bits: C, DC, Z 
;SUBWF Example #1 


clrf 0x20 ;£(20h)=0 

movlw 1 ;wreg=1 

subwf 0x20 ;£(20h)=f(20h) -wreg=0-1=FFh 
;Carry=0; Result is negative 


;SUBWF Example #2 


movlw OxFF ; 

movwf£ 0x20 ;£(20h)=FFh 

clrw ;wreg=0 

subwf— 0x20 ;£(20h)=£(20h) -wreg=FFh- 

O=FFh 

;Carry=1:Result is positive 

Description: Subtract (2's complement method) the W 
register from register “f’. If “d” is 0 the 
result is stored in the W register. If “d” is 
1 the result is stored back in register “f’. 


SWAPF Swap f | 
Syntax: SWAPF _f,d 


Words: 1 
Cycles: 1 


Operation: f<0:3> — d<4:7>, f<4:7> — d<0:3>; 
Status bits: None 


Description: The upper and lower nibbles of register “f” 
are exchanged. If “d” is 0 the result is 
placed in W register. If “d” is 1 the result 
is placed in register “f’. 





TRIS Load TRIS Register 3 
Syntax: TRIS f 

Encoding: 
Words: 1 

Cycles: 1 


Operation: W — TRIS register f; 
Status bits: None 


Description: TRIS register f(f=5, 6 or 7) is loaded with 
the contents of the W register. 
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XORLW Exclusive OR literal with W 
Syntax: XORLW_ k 





Words: 1 
Cycles: 1 


Operation: (W .XOR.k)—~ W 
Status bits: Z 


Description: Thecontentsofthe W register are XOR’ed 
with the eight bit literal “k”. The result is 
placed in the W register. 


XORWE Exclusive OR W with f 
Syntax: XORWF fd 

Encoding: 
Words: 1 

Cycles: 1 


Operation: (W .XOR.f)—->d 
Status bits: Z 


Description: Exclusive OR the contents of the W reg- 
ister with register “f’. If “d” is O the result 
is stored in the W register. If “d” is 1 the 
result is stored back in register “f’. 


10.0 WATCHDOG TIMER (WDT) 


The watchdog timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even 
if the clock on the OSC 1/OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RE- 
SET condition. The WDT can be permanently dis- 
abled by programming a "zero" into a special EPROM 
fuse which is not part of the normal program memory 
EPROM. The development tools provide special com- 
mands to program this fuse. 


10.1 WDT PERIOD 


The WDT has a nominal time-out period of 18 ms, 
(with no prescaler). The time-out periods vary with 
temperature, VoD and process variations from part to 
part (see DC specs). If longer time-out periods are 
desired, a prescaler with a division ratio of up to 1:128 
can be assigned to the WDT under software control 
by writing to the OPTION register. Thus, time-out 
periods up to 2.5 seconds can be realized. 


The “CLRWDT" and "SLEEP" instructions clear the 
WDT and the prescaler, if assigned to the WDT, and 
prevent it from timing out and generating a device 
RESET condition. 


The status bit "TO" in file register f3 will be cleared 
upon a watchdog timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to 
unit due to variations in the manufacturing process. 
Please refer to the graphs in Section 17.0 and DC 
specs for more details. 


10.2 WDT PROGRAMMING 
CONSIDERATIONS 


In a noisy application environment the OPTION reg- 
ister can get corrupted. The OPTION register should 
be updated at regular intervals. 


It should also be taken in account that under worst 
case conditions (VOD = Minimum, Temperature = 
Maximum, maximum WDT prescaler) it may take 
several seconds before a WDT timeout occurs. 


11.0 OSCILLATOR CIRCUITS 


11.1 OSCILLATOR TYPES 


The MTA81010 series is available with three different 
oscillator options. On OTP and QTP devices, the 
oscillator configuration is programmed by the factory 
and the parts are tested only to the according speci- 
fications. 


11.2 CRYSTAL OSCILLATOR 


The MTA81010, -XT, or LP needs a crystal or ceramic 
resonator connected to the OSC1 and OSC2 pins to 
establish oscillation (Figure 11.2.1). XT = Standard 
crystal oscillator, LP = low power crystal oscillator. 
The series resistor RS may be required in XT mode 
with AT strip-cut type crystals to avoid overdriving. 


11.3 RC OSCILLATOR 


For timing insensitive applications the "RC" device 
option offers additional cost savings. The RC oscilla- 
tor frequency is a function of the supply voltage, the 
resistor (Rext) and capacitor (Cext) values, and the 
operation temperature. In addition to this, the oscilla- 
tor frequency will vary from unit to unit due to normal 
process parameter variation. Furthermore, the differ- 
ence in lead frame capacitance between package 
types will also affect the oscillation frequency, espe- 
cially for low Cext values. The user also needs to take 
into account variation due to tolerance of external R 
and C components used. Figure 11.3.1 shows how 
the R/C combination is connected to the MTA81010. 
For Rext values below 2.2 kOhm, the oscillator opera- 
tion may become unstable, or stop completely. For 
very high Rext values (e.g. 1 MOhm), the oscillator 
becomes sensitive to noise, humidity and leakage. 
Thus, we recommend to keep Rext between 5 kOhm 
and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
Capacitances, such as PCB trace capacitance or 
package lead frame capacitance. 
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See Table 17.0.1 for RC frequency variation from part FIGURE 11.2.2 - EXTERNAL CLOCK 
to part due to normal process variation. The variation INPUT OPERATION 
is larger for larger R (since leakage current variation (XT OR LP TYPES ONLY) 


will affect RC frequency more for large R) and for 
smaller C (since variation of input capacitance will 
affect RC frequency more). 

ene | Smeaes CLOCK FROM 
See characteristics in Section 17.0 for variation of EXT. SYSTEM 
oscillator frequency due to VoD for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C, and VDD values. 


The oscillator frequency, divided by 4, is available on 


the OSC2/CLKOUT pin, and can be used for test 
purposes or to synchronize other logic ee Figure TABLE 11.2.2- CAPACITOR SELECTION 


2.2.1 for timing). | FOR CRYSTAL OSCILLATOR 


Osc 
Type 
Le 32 KHz eer 15 pF 


400 KHz 200 - 300 pF 


MTA81010 





FIGURE 11.2.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
XT OR LP TYPES ONLY) 






























200 KHz 100 - 200 pF 
455 KHz 15 - 100 pF 
1 MHz 15 - 30 pF 
2 MHz 15 pF 
4 MHz 15 pF 


= ¢---- pp TO INTERNAL | Higher capacitance increases the stability of oscilla- 

LOGIC tor but also increases the start-up time. These values 
are for design guidance only. Rs may be required in 
XT mode to avoid overdriving crystals with low drive 


_ Rs may be required in XT mode for AT strip-cut crystals to 





avoid overdriving. See Tables 11.2.1 and 11.2.2 for recom- level specification. Since each crystal has its own 

mended values of C1, C2 per oscillator type and frequency. characteristics, the user should consult the crystal 
manufacturer for appropriate values of external com- _ 
ponents. 


TABLE 11.2.1 - CAPACITOR SELECTION 
FOR CERAMIC RESONATORS FIGURE 11.3.1 - RC OSCILLATOR (RC | 


TYPE ONLY) 
Oscillator Resonator Capacitor Range 
Type Frequency C1=C2 
XT 455 KHz 150 - 330 pF 


2.0 MHz 20 - 330 pF 
4.0 MHz 20 - 330 pF 


















MTA81010 


OSC2/CLKOUT 


Higher capacitance increases the stability of oscilla- 
tor but also increases the start-up time. These values 
are for design guidance only. Since each resonator 
has its own characteristics, the user should consult 
the resonator manufacturer for appropriate values of 
external components. 
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FIGURE 12.1.1 - EXTERNAL POWER ON 


RESET CIRCUIT 


MCL 


MTA81010 


Notes: 


1. 


External power on reset circuit is required only if Voo 
power-up slope is too slow or if a low frequency 
crystal oscillator is being used that need a long 


start-up time. The diode D helps discharge the 
capacitor quickly when VDD powers down. 


R < 40 KQ must be observed to make sure that 
voltage drop across R does not exceed 0.2 V 
(maximum leakage current specification on MCLR pin 
is 5 pA). A larger voltage drop will degrade V1IH level 
on pin. 


R1i= 100Q to 1KQ will limit any current flowing into 
MCLR from external capacitor C in the event of MCLR 
pin breakdown due to ESD or EOS. 





FIGURE 12.1.2 - BROWN OUT 


PROTECTION CIRCUIT 


1. This circuit will activate reset when VDD goes 
below (VZ + 0.7 V) where VZ = Zener voltage. 





FIGURE 12.1.3 - BROWN OUT 


PROTECTION CIRCUIT 


MCLR 


MTA81010 


Notes: 

1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 

R1 


o——_—__—. =0.7 V. 
moe R1+R2 mee 





12.0 OSCILLATOR START-UP 
TIMER (OST) 


Oscillator circuits based on crystals or ceramic reso- 
nators require a certain time after power-up to estab- 
lish a stable oscillation. An on-chip oscillator start-up 
timer is provided which keeps the device ina RESET 
condition for approximately 18 ms after the voltage on 
the MCLR pin has reached a logic high (VIHMC) level. 
Thus, external RC networks connected to the MCLR 
input are not required in most cases, allowing for 
Savings in cost-sensitive and/or space restricted ap- 
plications. 


The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WDT to awake the MTA81010 from SLEEP 
mode automatically. 





The OST is not adequate for low frequency crystals 
which require much longer than 18 ms to start up and 
stabilize. 


12.1 POWER ON RESET (POR) 


The MTA81010 incorporates an on chip Power On 
Reset (POR) circuitry which provides internal chip 
reset for most power-up situations. To use this 
feature the user merely needs to tie MCLR pin to 
MCVopp. A simplified block diagram of the on-chip 
power on reset circuit is shown in Figure 12.1.4. The 
power on reset circuit and the oscillator start-up timer 
circuit are closely related. On power-up the reset 
latch is set and the start-up timer (see Figure 12.1.4) 
is reset. The start-up timer begins counting once it 
detects MCLR to be high. After the time-out period, 
which is typically 18 ms, it will reset the reset-latch 
and thus end the on-chip reset signal. 


Figures 12.1.5 and 12.1.6 are two power-up situa- 
tions with relatively fast rise time on MCVpp. In 
Figure 12.1.5, MCVDbD is allowed to rise and stabilize 
before bringing MCLR high. The chip will actually 
come out of reset tosT ms after MCLR goes high. In 
Figure 12.1.6, the on chip power-on reset feature is 
being utilized (MCLR and MCVD0 are tied together). 
The MCVbDb is stable before the start-up timer times 
out and there is no problem in getting a proper reset. 
Figure 12.1.7 depicts a potentially problematic situa- 
tion where MCVDD rises too slowly. In this situation, 
when the start-up timer times out, MCVDD has not 
reached the MCVDD (minimum) value and the chip is 
therefore not guaranteed to function correctly. 


To summarize, the on chip power-on reset is guaran- 
teed to work if the rate of rise of MCVDD is no slower 
than 0.05 V/ms. It is also necessary that the MCVpD 
Starts from OV. The on chip power on reset is also not 
adequate for low frequency crystals which require 
much longer than 18 ms to start up and stabilize. For 
such situations, we recommend that external RC 
circuits are used for longer power on reset. 
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FIGURE 12.1.4 - SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 


7 POWER-UP POR (POWER-ON RESET) 
xX DETECT 
MCV DD 


x [ie 
VN WDT TIME-OUT 
MCLR 


PIN 


8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 


CHIP RESET 





FIGURE 12.1.5 - USING EXTERNAL RESET INPUT 


MCV op 
- MCLR 


INTERNAL POR 


OST TIME-OUT 


INTERNAL RESET eee 


Note 1: The tost time-out is invoked every time the chip comes out of reset. 





FIGURE 12.1.6 - USING ON-CHIP POR (FAST Vop RISE TIME) 





MCVoD  ———__ | 


MCLR 


INTERNAL POR I re 


: tosT 
OST TIME-OUT 


INTERNAL RESET See C(t 









DS39005C - page 24 © 1994 Microchip Technology Inc. 
4-144 


MTA81010 


FIGURE 12.1.7 - USING ON-CHIP POR (SLOW Vpp RISE TIME) 


MCVop OV 


5V 
: V1 


MCLR ee 
INTERNAL POR Semen O ES | nee aieh| Seesaw Ce ear oe meee ee 


tOST 


OST TIME-OUT eee tC Cs 
INTERNAL RESET eee ere 


When VbbD rises slowly, the internal time-out period expires long before VpD has reached its final 
value. In this example, the chip will reset properly if, and only if, V1= VDDMIN. 


13.0 POWER DOWN MODE (SLEEP) 


The power down mode is entered by executing a 
SLEEP instruction. 


If enabled, the watchdog timer will be cleared but 
keeps running, the bit "PD" in the status register (f3) 
is cleared, the "TO" bit is set, and the oscillator driver 
is turned off. The I/O ports maintain the status they 
had, before the SLEEP command was executed (driv- 
ing high, low, or hi-impedance). 


For lowest current consumption in this mode, all 1/O 
pins should be either at VDD, or Vss, with no external 
circuitry drawing current from the I/O pin. I/O pins that 
are in the High-Z mode should be pulled high or low 
externally to avoid switching currents caused by float- 
ing inputs. The RTCC input should also be at VppD or 
Vss for lowest current consumption. 


The MCLR pin must be at VIHMC. 


13.1 WAKE-UP 


The device can be awakened by a watchdog timer 
timeout (if it is enabled) or an externally applied "low" 
pulse at the MCLR pin. In both cases the PIC16C54 
will stay in RESET mode for one oscillator start-up 
timer period (triggered from rising edge on MCLR or 
WDT timeout) before normal program execution re- 
sumes. 


The "PD" bit in the STATUS register, which is set to 
one during power on, but cleared by the "SLEEP" 
command, can be used to determine if the processor 
was powered up or awakened from the power down 
mode (Table 3.5.1.2). The TO bit in the Status 
register can be used to determine if the "wake up" was 
caused by an external MCLR signal or a watchdog 
timer time out. 


NOTE: Some applications may require external R/C 
networks on the MCLR pin in order to allow for 
oscillator start-up times longer than one OST period. 
In this case, a WDT wake up from power down mode 
is not recommended, because a RESET generated 














by a WDT time out does not discharge the external 
capacitor, and the PIC16C54 will be in RESET only 
for the oscillator start-up timer period. 


14.0 CONFIGURATION FUSES 


The configuration EPROM consists of four EPROM 
fuses which are not part of the normal EPROM for 
program storage. 


Two are for the selection of the oscillator type, one is 
the watchdog timer enable fuse, and one is the code 
protection fuse. 


OTP or QTP devices have the oscillator configuration 
programmed by the factory and the parts are tested 
accordingly. The packages are marked with the 
suffixes "XT", "RC" or "LP" following the part number 
to identify the oscillator type and operating range. 


14.1 CUSTOMER ID CODE 


The MTA81010 series has 16 special EPROM bits 
which are not part of the normal program memory. 
These bits are available to the user to store an 
identifier (ID) code, checksum, or other informative 
data. They cannot be accessed during normal pro- 
gram execution. Programmers designed for the 
MTA81010 provide special commands to read or 
write these ID bits. 


14.2 CODE PROTECTION 
The program code written into the EPROM can be 


protected by programming the code protection fuse 


with "O". 

When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 040h and above are protected 
against programming. 

It is still possible to program locations 000h - O3Fh, 
the ID locations and the configuration fuses. 


Note that the configuration fuses and the ID bits can 
stillbe read, even if the code protection logic is active. 
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14.2.1 Verifying a Code-protected 
—PIC16C54 


When code protected verifying any program memory | 


location will read a scrambled output which looks like 
"00000000XXXxX" (binary) where Xis 1 or 0. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without 
code protecting it. 


b. Next, blow its code protection fuse and then load 
its contents in a file. 


c. Verify any code-protected PIC16C54 against this 
file. 


15.0 MICROCONTROLLER 


ELECTRICAL CHARACTERISTICS 


15.1 ABSOLUTE MAXIMUM RATINGS* 
Ambient temperature under bias .. .-55°C to +125°C 





Storage Temperature ................... - 65°C to +150°C 
Voltage on any pin with respect to Vss 

(except Vop and MCLAR)............ -0.6V to VoD +0.6V 
Voltage on VDD with respect to Vss............. 0 to +9.5V 
Voltage on MCLR with respect to Vss 

(NOI: 2) cess sccraiciecescenti atlantis 0 to +14V 
Total power Dissipation (Note 1) ................. 800 mW 
Maximum Current out of Vss pin .................. 150 mA 


Maximum Current into VDD pin ..................:000 50 mA 
Maximum Current into an input pin ............. +500 WA 
Maximum Output Current sinked by any 

VO DID ivesces csi caszasiaeeinitent casas easshcisteueeee seta 25 mA 
Maximum Output Current sourced by 

PUNY VO: DID ate aise cecess ec bericeyccevedevetee as testeees 20 mA 
Maximum Output Current sourced by a | 
single I/O port (Port A or B) ........... ce eeeseeeeeeees 40 mA 
Maximum Output Current sinked by a single 

I/O port (Port A or B) ............ cc ceccceececeeeeceseeeeees 50 mA 


“Notice: Stresses above those listed under "Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at those 
or any other conditions above those indicated in the operation 
listings of this specification is not implied. Exposure to maxi- 
mum rating conditions for extended periods may affect device 

reliability. : 
Notes: 


1. Total power dissipation should not exceed 800 
mW for the package. Power dissipation is calcu- 
lated as follows: 


Pdis = Vop x {IDD - & loh} + & {(VDD-Voh) x loh} 
+ ¥(Vol x lol) 


2. Voltage spikes below Vss at the MCLR pin, induc- 
ing currents greater than 80mA, may cause latch- 
up. Thus, a series resistor of 50-100Q should be 
used when applying a “low' level to the MCLR pin 
rather than pulling this pin directly to Vss. 





TABLE 15.2 - MICROCONTROLLER PIN DESCRIPTIONS 


























RTCC Real Time Ciock/Counter 


MCLR Master Clear 


OSC1 Oscillator (input) 


OSC2/CLKOUT | Oscillator (output) 


MCVpp | Power supply 
Vss Ground 
No (internal) Connection 


[Name ___| Function | Observation 


RAO - RA3 VO PORTA 4 input/output lines 
RBO - RB7 VO PORT B | 8 input/output lines 
Schmitt Trigger Input 


Clock input to RTCC register. Must be tied to Vss or VDD if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption 


Schmitt Trigger Input 
A "Low" voltage on this input generates a RESET condition 
for the MTA81010 microcontroller 


A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to VOD 


"XT" and "LP" devices: Input terminal for crystal, ceramic 
resonator, or external clock generator | 


"RC" devices: Driver terminal for external RC combination 
to establish oscillation 


For "XT" and "LP" devices: Output terminal for crystal and 
ceramic resonator. Do not connect any other load to this 
output. Leave open if external clock generator is used 


For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin 
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15.3 MICROCONTROLLER DC CHARACTERISTICS: MTA81010-RC, XT, LP (COMMERCIAL) 


DC CHARACTERISTICS, Standard Operating Conditions 
POWER SUPPLY PINS Operating temperature 0<TA<+70°C, unless otherwise stated 
Operating voltage VDD = 3.0V to 5.5V unless otherwise stated 


Characteristic Typ Conditions 
| (Note 1) 


Supply Voltage 

MTA81010-XT V Fosc = DC to 4 MHz 
MTA81010-RC V Fosc = DC to 4 MHz 
MTA81010-LP V Fosc = DC to 40 KHz 


RAM Data Retention VDR V Device in SLEEP mode 
Voltage (Note 3) 


Vpp start voltage to VPOR Vss V See Section 13.1 for details on power on 
ecm | 
Vbp rise rate to guarantee SVDD ms | See Section 13.1 for details on power on 
pene al | 


Supply Current (Note 2) 
MTA81010-XT 1.8 3.3. | MA _ | Fosc = 4 MHz, VoD = 5.5V 
MTA81010-RC (Note 5) 1.8 3.3. | MA _ | Fosc = 4 MHz, VOD=5.5V © 
MTA81010-LP 15 32 LA Fose = 32 KHz, VoD=3.0V, WDT disabled 
Power Down Current 

12 LA VDD = 3.0V, WDT enabled 

9 LA VbDD = 3.0V, WDT disabled 


(Note 4) 
MTA81010 
* These parameters are based on characterization and are not tested. 





Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 


Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 


a) The test conditions for all lDD measurements in active operation mode are: 


OSC1 = external square wave, from rail to rail; all /O pins tristated, pulled to VoD, RT = Vob, MCLR= Vop; WDT 
enabled/disabled as specified. 


| b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 


Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with ail I/O pins in hi-impedance state and tied to VDD and Vss. 


Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = VpD/2Rext (mA) with Rext in kOhm. 
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15.4 MICROCONTROLLER DC CHARACTERISTICS: MTA81010I-RC, XT, LP (INDUSTRIAL) 


DC CHARACTERISTICS, Standard Operating Conditions 
POWER SUPPLY PINS Operating temperature -40<TA<+85°C, unless otherwise stated 
Operating voltage VDD = 3.5V to 5.5V unless otherwise stated 


Characteristic Typ Conditions 
| (Note 1) 


Supply Voltage 

MTA81010-XT «6. Fosc = DC to 4 MHz 

MTA81010-RC : Fosc = DC to 4 MHz 

MTA81010-LP Fosc = DC to 40 KHz | 


Device in SLEEP mode 


See Section 13.1 for details on power on 
reset 
See Section 13.1 for details on power on 
reset 
Supply Current (Note 2) 
MTA81010-XT : : Fose = 4 MHz, VoD = 5.5V 
MTA81010-RC (Note 5) Fosc = 4 MHz, VoD = 5.5V 
MTA81010-LP 7 7 Fose = 32 KHz, VDD = 3.0V, WDT disabled 
| Power Down Current 
(Note 4) 
MTA81010 | Vopb = 3.0V, WDT enabled 
VbD = 3.0V, WDT disabled 





* These parameters are based on characterization and are not tested. 


Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 


Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 


a) The test conditions for all IDD measurements in active operation mode are: 


OSC 1= external square wave, from rail to rail; all /O pins tristated, pulled to VoD, RT = VoD, MCLR = Vpp; WDT 
enabled/disabled as specified. 


b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode. 
Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 


Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 


Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vod/2Rext (mA) with Rext in kKOhm. 
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15.5 MICROCONTROLLER DC CHARACTERISTICS: MTA81010-RC, XT, LP (COMMERCIAL) 
MTA81010I-RC, XT, LP (INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40 < Ta < +85°C for industrial 

and 0°C < Ta< +70°C for commercial 

Operating voltage VDD range as described in DC specification 
Tables 16.3 and 16.4 


Characteristic Typ Conditions 
(Note 1) 


Input Low Voltage 

I/O ports VIL 
MCLR (Schmitt trigger) VILMC 
RTCC (Schmitt trigger) VILRT 


DC CHARACTERISTICS, 
ALL PINS EXCEPT POWER SUPPLY 


0.2 VDD 
0.15 VDD 
0.15 Vop 


Pin at hi-impedance 


OSC1 
OSC1 


(Schmitt trigger) ViLosc 
VILOSC 


Input High Voltage 
/O ports VIH 


VIH 
VIH 


0.45 VoD 
2.0 
0.36 VDD 


0.15 VDD 
0.3 VDD 


MTA81010RC only (Note 5) 
MTA81010-XT, LP 


For all Vpob (Note 6) 
4.0 V < VoD <5.5 V (Note 6) 
Vop>5.5V 





MCLR (Schmitt trigger) | VIHMC | 0.85 VoD 
RTCC (Schmitt trigger) VIHRT 0.85 VoD 
OSC1 (Schmitt trigger) ViHosc | 0.85 VpD 
OSC1 ViHOsSC | 0.7 VoD 
Input Leakage Current 

(Notes 3, 4) 

/O ports [IL 


MTA81010-RC only (Note 5) 
MTA81010-XT, LP 
For Vop <5.5V 


Vss < VPIN < VDD, 
Pin at hi-impedance 
VPIN = VSs + 0.25V 
VPIN = VDD 

Vss < VPIN < VDD 
Vss < VPINS VDD, 
MTA81010-XT, LP 


MCLR | lILMCL 
MCLR HLMCH 
RTCC lILRT 
OSC1 liLosc1 


Output Low Voltage 
/O Ports 
OSC2/CLKOUT 
(MTA81010-RC) 
Output High Voltage 
I/O Ports (Note 4) 
OSC2/CLKOUT 
(MTA81010-RC) 


loL = 8.7 mA, VDD = 4.5V 
lOL = 1.6 mA, VDD = 4.5V 


IOH = -5.4 mA, VDD = 4.5V 
IOH = -1.0 mA, VDD = 4.5V 





Note 1: Data inthe column labeled “Typical” is based on characterization results at 25 ° C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 


Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 


Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 


Note 5 : For MTA81010RC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the MTA81010 
be driven with extemal clock in RC mode. 


Note 6: The user may use better of the two specifications. 
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15.6 MICROCONTROLLER AC CHARACTERISTICS: MTA81010-RC, XT, LP (COMMERCIAL) 
ce: | , | MTA81010I-RC, XT, LP (INDUSTRIAL) 







Standard Operating Conditions (unless otherwise stated) 
Operating temperature Ta = -40°C to +85°C (industrial), 

and 0°C < Ta < +70°C (commercial) | 

Operating voltage VoD range as described in DC specification 
Tables 16.3 and 16.4 | 


AC CHARACTERISTICS 





External CLOCKIN Foscrc 
Frequency (Note 2) FosextT 


RC mode 
XT mode 


LP mode 
RC mode 
XT mode 
LP mode 
DC RC mode 
DC XT mode 


, FoscLp 

Oscillator Frequency Foscrc 
(Note 2) FOSCXT 
| FOSCLP 





4/Foscrc 
4/Fosext 
4/Foscip 


instruction Cycle Time 
(Note 2) 






External Clock in Timing 

(Note 4) 

Clock in (OSC1) High or Low Time 

XT oscillator type | TekHUxt 
LP oscillator type TCKHLLP 
Clock in (OSC1) Rise or Fall Time 

XT oscillator type _ | TCKRFXT 
LP oscillator type | TeKRELP 


RESET Timing 
MCLR Pulse Width (low) TMCL 









RTCC Input Timing, No Prescaler 
RTCC High Pulse Width 

RTCC Low Pulse Width 
RTCC Input Timing, With Prescaler 
RTCC High Pulse Width 

RTCC Low Pulse Width 

RTCC Period 













0.5 Tcy + 20* 
0.5 Tcy + 20* 


TRTH 
TRTL 










Note 3 
Note 3 
Note 3. Where N = prescale 
value (2,4, ..., 256) 


Watchdog Timer Timeout Period 
(No Prescaler) TwoT : 18* Vop = 5.0V 


TRTH 
TRTL 
TRTP 





Oscillation Start-up Timer Period 


1/0 Timing 

I/O Pin Input Valid Before 

CLKOUT# (RC Mode) Tos 
/0 Pin Input Hold After 

CLKOUT# (RC Mode) TDH 
1/0 Pin Output Valid After 

CLKOUT@ (RC Mode) TPp 


* Guaranteed by characterization, but not tested. | (Notes on next page) 








DS39005C - page 30 © 1994 Microchip Technology Inc. 
4-150 | 


MTA81010 





NOTES TO AC CHARACTERISTICS: 
MTA81010-RC, XT, LP (COMMERCIAL) 
MTA81010I-RC, XT, LP (INDUSTRIAL) 


1. 


15.7 ELECTRICAL STRUCTURE 


FIGURE 15.7.1 - ELECTRICAL 


FIGURE 15.7.2 - ELECTRICAL 


Data in the column labeled “Typical” is based on charac- 
terization results at 25°C. This data is for design guid- 
ance only and is not tested for, or guaranteed by Micro- 
chip Technology. 


. Instruction cycle period (Tcy) equals four times the 


input oscillator time base period. 


All specified values are based on characterization data 
for that particular oscillator type under standard operat- 
ing conditions with the device executing code. Exceed- 


OF PINS 


STRUCTURE OF I/O PINS 
(RA, RB, RC) 


VO pin 


RTCC 


STRUCTURE OF MCLR 
AND RTCC PINS 


~ Schmitt trigger 


Input buffer Gixeuy 


DEVICE 
FUNCTION 





ing these specified limits may result in an unstable 
oscillator operation and/or higher than expected current 
consumption. All devices are tested to operate at “mini- 
mum‘ values with an external clock applied to the OSC1 
pin. 

When an external clock input is used, the "Maximum" 
cycle time limit is "DC" (no clock) for all devices. 


. For a detailed explanation of RTCC input clock require- 


ments see Section 3.2.1. 


. Clock-in high-time is the duration for which clock input 


is at Vinosc or higher. 


Clock-in low-time is the duration for which clock input is 
at Vitosc or lower. 


16.0 MICROCONTROLLER TIMING DIAGRAMS 


FIGURE 16.0.1 - RTCC TIMING 





FIGURE 16.0.2 - OSCILLATOR START-UP TIMING 
(MTA81010RC) 


4 t 
RESET ——————~) FETCH1. INSTRUCTION 1 FETCH 2. INSTRUCTION 
' EXECUTE "FORCED" NOP ! EXECUTE 1. INSTRUCTION © 
t t 





Notes to Figures 15.7.1 and 15.7.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect 
against ESD (Electrostatic discharge) and EQS (Electrical overstress). Rin is a small resistance to further protect the input buffer from 
ESD. 
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FIGURE 16.0.3 - INPUT/OUTPUT TIMING FOR I/O PORTS (MTA81010RC*) | 


INPUT ZILLI 


Ted 


pet 
1 Ted | : 


i 
at HIGH - Z 


* The CLKOUT output is available only on PIC16C54ARC devices. 


17.0 MICROCONTROLLER DC & AC 
CHARACTERISTICS GRAPHS/ 
TABLES: 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified VoD 
range). This is for information only and devices are 
guaranteed to operate properly only within the speci- 
fied range. 


The data presented in this section is a statistical 
summary of data collected on units from different lots 
over a period of time. ‘Typical’ represents the mean 
of the distribution while ‘maximum’ or ‘minimum’ rep- 
resents (mean + 30) and (mean - 30) respectively 
where o is standard deviation. 


FIGURE 17.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp 


Fosc (Mhz) 


Cext = 20pF, T= 25°C LA. 


jj} | reso | 











FIGURE 17.0.1 - TYPICAL RC OSCILLATOR 


FREQUENCY vs TEMPERATURE 


Rext 2 10KQ 
Cext = 100pF 


FIGURE 17.0.3 - TYPICAL RC 
OSCILLATOR FREQUENCY vs Vop 


Fosc (Mhz) 


Cext = 100pF, T = 25°C 


fii | | mont 
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FIGURE 17.0.4 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp 
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FIGURE 17.0.5 - TYPICAL IPD vs Vppb 
WATCHDOG DISABLED 25°C 


; 
25 30 35 40 45 50 55 60 65 7.20 
Vo (Volts) 





MTA81010 


TABLE 17.0.1 - RC OSCILLATOR 
FREQUENCIES 


Average 
Fosc @ 5V, 25°C 


3. = 4.71 MHz 
3.31 MHz 
1.91 MHz 

207.76 KHz 























ia 
100k 
















100pf 3. 7 1.65 MHz 
1.23 MHz 
711.54 KHz 


75.62 KHz 






1 k 
100k 





3.3k 
5k 


672.78 KHz 
489.49 KHz 
275.73 KHz 
28.12 KHz 





The percentage variation indicated here is part to part 
variation due to normal process distribution. The 
variation indicated is +3 standard deviation from 
average value for full VDD range. 


FIGURE 17.0.6 - TYPICAL IPD Vs VoD 
WATCHDOG ENABLED 25°C 


25 30 35 40 45 50 55 60 65 7.0 
Vop (Volts) 





Note: The gray shaded regions are outside the normal PIC16C54 operating range. Do not operate in these regions. 
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FIGURE 17.0.7 - MAXIMUM IPD vs VDD FIGURE 17.0.8 - MAXIMUM IPp vs Vop 
WATCHDOG DISABLED WATCHDOG ENABLED* 
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* 


IPD, with watchdog timer enabled, has two components: The leakage current which increases with higher temperature and the 
operating current of the watchdog timer logic which increases with lower temperature. At -40°C, the latter dominates explaining the 
apparently anomalous behavior. | : 


Note: The gray shaded regions are outside the normal PIC 16C54 operating range. Do not operate in these regions. 


FIGURE 17.0.9 - VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs Vop 


VTH (Input threshold voltage) of I/O pins 


VTH (volts) 


4.5 
VoD (volts) 
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FIGURE 17.0.10 - VIH, Vii OF MCLR, RTCC AND OSC1 (IN RC MODE) vs Vpp 
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45 
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Note: These input pins have Schmitt trigger input buffer. 





FIGURE 17.0.11 - VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT AND LP 
MODES) vs Vpp 


45 
Vbp (volts) 
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FIGURE 17.0.12 - TYPICAL IDpD vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 17.0.13 - MAXIMUM IppD vs FREQ (EXT CLOCK, -40° TO +85°C) 
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FIGURE 17.0.14 - MAXIMUM IpD vs FREQ (EXT CLOCK, -55° TO +125°C) 
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FIGURE 17.0.15 - WOT TIMER TIME-OUT FIGURE 17.0.16 - TRANSCONDUCTANCE 
PERIOD vs Vop (gm) OF LP OSCILLATOR vs VpDD © 


WDT period (ms) 


Vop (Volts) | V0 (Volts) 





Note: The gray shaded regions are outside the normal PIC16C54 operating range. Do not operate in these regions. 
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FIGURE 17.0.17-TRANSCONDUCTANCE —_—s*FIGURE =17.0.18- IOH VS VOH, VDD = 3V | 
(gm) OF XT OSCILLATOR vs Vpp : , 


VoD (Volts) VOoH (Volts) 





Note: The gray shaded regions are outside the normal PIC16C 54 operating range. Do not operate in these regions. 


FIGURE 17.0.19 - Ion vs VoH, Vpp = 5V FIGURE 17.0.20 - loL vs VoL, Vop = 3V 





VOH (Volts) 
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FIGURE 17.0.21 - loL Vs VoL, VoD = 5V TABLE 17.0.2 - INPUT CAPACITANCE 


TT 
ay 


FOR MTA81010 * 


Typical Capacitance (pF) _ 


PinName _ 
28L PDIP 
(600 mil) 28L SOIC 
5.2 48 


Max @ -40°C 


RA port 

RB port 

MCLR 

OSC1 
OSC2/CLKOUT 
RTCC 





* All capacitance values are typical at 25°C and mea- 
sured at 1 MHz. Apartto part variation of +25% (three 
standard deviations) should be taken into account. 


VoL (Volts) 





Note: The gray shaded regions are outside the normal 
PiC16C54 operating range. Do not operate in these 
regions. 
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18.0 SERIAL EEPROM SECTION 

The Microchip Technology Inc. MTA81010containsa 
24LC01B 1K bit Electrically Erasable PROM. The 
SEEPROM is organized as a single block of 128 x8 
bit memory with a two-wire serial interface. Low 
voltage design permits operation down to 2.5 volts 
with a standby and active currents of only 5 A and 1 
mA respectively. The 24LC01Bhas page-write capa- 
bility for up to 8 bytes of data. 


TABLE 18.1.1 - SEEPROM PIN FUNCTION 


Ground | 
Serial Address/Data I/O 


Serial Clock 

Write Protect Input 

+2.5V to 5.5V Power Supply 
No Connection 





FIGURE 18.1.1 - SERIAL EEPROM BLOCK DIAGRAM 


SEEVop [_ + 
— Vss [ > 


19.0 SERIAL EEPROM FUNCTIONAL 
DESCRIPTION 


The 24LC01B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and 
generates the START and STOP conditions, while 
the 24LC01B works as slave. The internal 24LC01B 
in the MTA81010 is hardwire configured with a device 
address of 0. Both, master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


20.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Data transfer may be in itiated only when the bus is not 
busy. 

During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 





HV GENERATOR 


= EEPROM ARRAY 


PAGE LATCHES 


SENSE AMP 
RW CONTROL 


Accordingly, the following bus conditions have been 
defined (see Figure 20.1.1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 
tart Data Tr fer (B 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 
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Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last eight 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24LC01B does not generate any acknowl- 
edge bits if an intemal programming cycle is in 
progress. 


The device that acknowledges has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


Slave Address 


The chip address of the internal 24LC01B in the 
MTA81010 is hardwire configured with a device ad- 
dress of XXX. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit 
control code (1010) for the 24LC01B, followed by 
three don't care bits. 


The eighth bit of slave address determines if the 
master device wants to read or write to the 24LC01B. 
(See Figure 20.1.2). 


The 24LC01B monitors the bus for its corresponding 
control code all the time. It generates an acknowl- 
edge bit if the control code was true and it is not ina 
programming mode. 


External devices (e.g. Serial EEPROMs) with the 
same control code as the internal 24LC01B must not 
be connected to the same serial bus or a conflict will 
occur. Devices with differant control codes may be 
connected to the serial bus without risk of conflict. 










Control Code | ChipSelect | RAW 
ce 
re 


FIGURE 20.1.2 - CONTROL BYTE 
ALLOCATION 





START READ/WRITE 


Ll SLAVE ADDRESS 
/ aN 
\ 
Zz \ 
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FIGURE 20.1.1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC01B. After receiving another ac- 
knowledge signal from the 24LC01B the master device 
will transmit the data word to be written into the ad- 
dressed memory location. The 24LC01B acknowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time the 
24LC01B will not generate acknowledge signals. (See 
Figure 20.1.3). : | 


FIGURE 20.1.3 - BYTE WRITE 


CONTROL 
BYTE 
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T 
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eT, 
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FIGURE 20.1.4 - PAGE WRITE 
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a cate anna eT, 
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Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC01B in the same way as 
inabyte write. But instead of generating a stop condition 
the master transmits up to eight data bytes to the 
24LC01B which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the three lower order address 
pointer bits are intemally incremented by one. The 
higher order five bits of the word address remains 
constant. If the master should transmit more than eight 
words prior to generating the stop condition, the address 
counter will rollover and the previously received data will 
be overwritten. As with the byte write operation, once 
the stop condition is received an intemal write cycle will 
begin. (See Figure 20.1.4). 
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FIGURE 20.1.5 - CURRENT ADDRESS READ 
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FIGURE 20.1.6 - RANDOM READ 
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FIGURE 20.1.7 - SEQUENTIAL READ 
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WRITE PROTECTION 


The 24LC01B can be used as a serial ROM when the 
WP pin is connected to SEEVpD. Programming will be 
inhibited and the entire memory will be write-protected. 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. — 


Current Address Read 


The 24LC01B contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24LC01B issues an acknowl- 
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24LC01B discontinues transmis- 
sion (see Figure 20.1.5). | 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC01B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC01B will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC01B dis- 
continues transmission (see Figure 20.1.6). 


Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC01B transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC01B to transmit the next sequentially 
addressed 8 bit word (see Figure 20.1.7). 


To provide sequential reads the 24LC01B contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise Protection 


The 24LC01B employs a Vpn threshold detector circuit _ 
which disables the internal erase/write logic ifthe VDD is 
below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


21.0 PIN DESCRIPTIONS 
D rial Addr Data In tout 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal. 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


L. Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or SEEVDD. 


If tied to VSs, normalmemory operation is enabled (read/ 
write the entire memory 00-7F or 00-FF). 


If tied to SEEVDD, WRITE operations are inhibited. The | 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC01B asa 
serial ROM when WP is enabled (tied to SEEVpp). 


22.0 SERIAL EEPROM ELECTRICAL 


CHARACTERISTICS 
Maximum Ratings” 
All inputs and outputs w.r.t. VSS ............ -0.3V to +6.25V 
Storage temperature —..................00 -65°C to +150°C 


Ambient temp. with power applied .... -65°C to +125°C 
Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all pins .................cccssesesseeees 24kV 


*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operational list- 
ings of this specification is not implied. Exposure to maximum 
rating conditions for extended periods may affect device relia- 
bility. 
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22.1 SERIAL EEPROM DC CHARACTERISTICS 


DC CHARACTERISTICS VDD = +2.5V to +5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


Ea 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmitt trigger inputs : Note 1 


Low level output voltage lo. = 3.0 mA, VDD = 2.5V 


Input leakage current Meee wey VIN = .1V to VoD 
Output leakage current eS VouT | Vout=.1Vtovoo .1V to VDD 


Internal capacitance CINT Vcc = 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C, FcLK = 1 MHz 


Operating current Vop = 5.5V 
SCL = 400 KHz 





Standby current 30 HA Vop = 3.0V 
SDA = SCL = VDD 
Vop=5.5V © 
SDA = SCL = VpD 





Note 1: This parameter is periodically sampled and not 100% tested. 


FIGURE 22.1.1 - BUS TIMING START/STOP 
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22.2 SERIAL EEPROM AC CHARACTERISTICS 


Vop = 4.5-5.5V 
AC CHARACTERISTICS FAST MODE 


Parameter Remarks 
Clock frequency 
Clock high time 
Clock low time 


SDA and SCL rise time _ T 


R 
SDA and SCL fall time | Tr 


20 +0.1 


After this period the first 
clock pulse is generated 


START condition hold time 
START condition setup time 


Data input hold time | THopat | 0 | 
Data input setup time | Tsu:aT | 250 | 


STOP condition setup time 
Output valid from clock | | Ta | | 3500 


Bus free time . TBUF 4700 


= [= Pa 
Input fitter spike suppression Tsp /A N/A 
(SDA and SCL pins) | 


Only relevant for repeated 
START condition 


Time the bus must be free 
before a new transmission | | 
can start 


Output fall time from VIH 


minimum to Vit maximum Note 2, Ce < 100 pF 


Byte or Page mode 


x 
N 


” 





_ 
© 


Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 


Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise and spike 
suppression. This eliminates the need for a Tl specification for standard operation. 


FIGURE 22.2.1 - BUS TIMING DATA 
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23.0 PACKAGING DIAGRAMS AND DIMENSIONS 
See Section 11 of the Data Book. 


23.1 PACKAGE MARKING INFORMATION 


28L SOIC Example 


MTA81010-XT/SO 


XXXXXXXXXXXXXXXXXXX 
Oo 9051 CBK 


OS AABB CDE 








MM...M Microchip part number information 
XX...X Customer specific information* 








AA Year code (last 2 digits of calendar year) 

BB Week code (week of January 1 is week '01') 

Cc Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country of origin in which 







part was assembled. 






Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 


of available characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are incuded in QTP price. 
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PACKAGE MARKING INFORMATION (CONT.) 


28L PDIP (.600 mil) Example 


MTA81010- 


MMMMMMXXXXXXXXX XTI/P126 
AABB CDE 9042 CDA 
O 


Microchip O Microchip 








Microchip part number information 
XX...X Customer specific information* 











AA Year code (last 2 digits of calendar year) 

BB Week code (week of January 1 is week '01') 

Cc Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. | 

D Mask revision number 

E Assembly code of the plant or country of origin in which 


part was assembled. 







Note: In the event the full Microchip part number can not be marked on one 
~ fine, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are included in QTP price. 


ec 
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Timing diagrams 
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Power On Reset ............ccccccscsececeeseeeeeeees 23,24,25 
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Trademarks: 
IBM PC is a trademark of IBM Corporation. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 
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SALES AND SUPPORT 


To order or to obtain information, €.g., on 1 pricing or delivery, please use the listed ‘Part numbers, and refer to the factory 
or the usied sales offices. 


PART NO. - XX X /XX XXX 


3-Digit Pattern Code for QTP (blank for OTP) 


Package: P PDIP 
SO 300 mil SOIC (Gull Wing Lead) 


Temperature O°C to +70°C (T for tape/reel) 
Range: -40°C to +85°C (S for tape/reel) 


Oscillator 
Examples: 


Type: a) MTA81010 - XT/PXXX "XT" oscillator, commercial 
temp., PDIP, QTP pattern 
b) MTA81010 - XTI/SO “XT" oscillator, industrial 


Peeper temp., SOIC (OTP device) 
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MICROCHIP MTA85XXX 


PICSEE™ 20-Pin MCU with Serial EEPROM Multi-Chip Module 








FEATURES FIGURE A - PIN CONFIGURATIONS 


Multi-chip module 


¢ PIC16C54A or PIC16C58A Microcontrollers with 
24LC01B or 24LC02B Serial EEPROMs (SEEs) in a 
single package 


¢ Wide operating voltage range: VOD = 3.0V to 6.25V 


e 
_s 


Microcontroller control of SEE power for low standby 
current: MTA85X1X series 


High Performance RISC-like CPU 
e Only 33 single-word instructions to learn 


XOXS8V.LIN 


RB1 
RBO 
Vss 


2 
3 
4 
5 
6 
7 
8 
9 
10 


e All instructions are single-cycle except for program 
branches, which are two 


Operating speed: DC - 20 MHz clock 
DC - 200 ns cycle 


e 12-bit wide instructions 

8-bit wide data path 

e 512 or 2048 x 12 on-chip EPROM program memory 
25 or 72 x 8 general purpose registers (SRAM) 

7 special function hardware registers 


e 
—_h 


PVpp 
SVop/RB7 
RB6 

RB5 

RB4 

RB3 

RB2 

RB1 

RBO 

Vss 


Se ONAN AWND 
XLXS8V.LIN 





e 2 level deep hardware stack Serial EEPROM Features 

¢ Direct, Indirect, and relative addressing modes for e 1K or 2K of EEPROM memory, organized as one block 
data and instructions (128 x 8) or (256 x 8) 

Peripheral Features e Two-wire serial interface bus 

¢ 12 V/O pins with individual direction control (RB7 ¢ 100 KHz and 400 KHz compatibility 
dedicated for SEE Vpp in MTA85X1X devices) ¢ Self-timed write cycle (including auto-erase) 

e 8-bit real time clock/counter (RTCC) with 8-bit pro- ¢ Page-write buffer for up to 8 bytes 


Sremmanie presealer e 2ms typical cycle times for page-write 


e ROWaC On Taso! * 1,000,000 ERASE/WRITE cycles typical 
¢ Oscillator start-up timer 


e Data retention > 40 years 
¢ Watchdog timer (WDT) with its own on-chip RC oscil- 
lator for reliable operation CMOS Technology 


° Security EPROM bit for code-protection * Low-power, high-speed CMOS EPROMand EEPROM 
technologies, in a single package 


Fully static Microcontroller 
e Low power consumption: 


e Power saving SLEEP mode 
e EPROM selectable oscillator options: 


= OW cost i Geena’ - <3.5mA typical, @ 5V, 4 MHz, EEPROM write 

ar SranGald Cy stab esonater AP - <2.5mA typical, @ 5V, 4 MHz, EEPROM read 

- High speed crystal/resonator: HS - <7 A typical standby current @ 3V, MTA85X0X 
- Power saving low speed crystal: LP series 


- <3 pA typical standby current @ 3V, MTA85X1X 
series (WDT disabled, 0°C to 70°C) 


PICSEE and PRO MATE are trademarks of Microchip Technology Inc. 
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1.0 GENERAL DESCRIPTION 


The MTA85XXX devices from Microchip Technology 
Inc. are a family of multi-chip products which offer a 
unique combination of EPROM-based Microcontrollers 
and Serial EEPROM data memory in a single package. 
The MTA85XXX line features the PIC16C5XA family of 
Microcontrollers combined with Microchip’s 24LCOXB 
family of Serial EEPROMs. 


Two unique pinouts are available in this family of de- 
vices, regardless of which combination of component 
chips are used. The first pinout (MTA85X0X series) 
features shared power and ground pins for the 
Microcontroller and SEE. All other Microcontroller and 
SEE pins are electrically independent. The second 
available pinout (MTA85X1X series) features 
Microcontroller control of the SEE Vop. This allows the 
SEE to be powered down when going into a standby 
mode. This is often desirable in power conscious 
applications to reduce current when the SEE is not being 
accessed. In this configuration the Microcontroller pin 
RB7 is used to supply power to the SEE. It is the users 
responsibility to ensure that RB7 is driving a ‘1’ while the 
SEE is being used. 


The Microcontroller and Serial EEPROM portions of 
these multi-chip devices are equivalent to their respec- 
tive individual components chips, except for the electri- 
cal specifications on shared pins. Please refer to the 
datasheets of the component die for information on each 
device’s architecture, functionality, and other important 
user information. 


1.1 APPLICATIONS 


The MTA85XXX family is ideally suited to a wide variety 
of applications including, but not limited to: keyless 
entry, remote control, smart cards and automotive con- 
trollers. The EPROM program memory makes 
customization of application programs fast and conve- 
nient. The EEPROM data memory is ideal for storing 
configuration information, access codes, serial num- 
bers, and adaptive look-up tables. The small footprint 


TABLE 1.2.1 - FAMILY OVERVIEW 















MTA85812 PIC16C58A 
Note 1: RB7 dedicated to SEE Vop 





[Part Number | Microcontroter [see | pawepnow | eeprom | RaW | v0 
MTABS401 E 








package makes the MTA85XXX devices perfect for 
applications with physical space limitations. This small 
size coupled with the low-cost, low-power, wide voltage 
range, and high performance of this flexible family of 
devices makes the MTA85XXX the microcontroller of 
choice for a wide variety of applications which utilize 
EEPROM memory. 


1.2 MTA85XXX SERIES OVERVIEW 


A variety of EPROM sizes, EEPROM sizes and fre- 
quency ranges are available. Depending on the applica- 
tion and production requirements, the proper device 
option can be selected using the information in Table 
1.2.1 below. When placing orders, please use the 
“MTA85XXX Product Identification System” on the back 
page of this data sheet to specify the correct part. 


1.2.1 ONE-TIME-PROGRAMMABLE (OTP) DEVICES 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


With OTP devices the program EPROM is erased, 
allowing the user to write the application code into it. 
Additionally the watchdog timer can be disabled, and/or 
the code protection logic can be activated by program- 
ming special EPROM fuses. Sixteen non-dedicated 
EPROM bits are available for the customer ID or other 
customer information and are also user programmable. 


1.2.2 QUICK-TURN-PRODUCTION (QTP) DEVICES 


Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
volume users with stable code, who choose not to 
program the devices themselves. A QTP device is 
identical to an OTP device, except that the program 
memory and special EPROM fuses are programmed at 
the factory, with the customer's code. Certain code and 
prototype verification procedures do apply before pro- 
duction shipments are available. Please contact your 
Microchip Technology inc. sales office for more details. 











12 
12 note 1 
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2.0 DEVELOPMENT SUPPORT 


2.1 Development Tools 


The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 


e PICMASTER™ Real-Time In-Circuit Emulator 
e¢ PRO MATE™ Universal Programmer 

e PICSTART™ Low-Cost Prototype Programmer 
e Assembler 

e Software Simulator 


2.2 PICMASTER™: High Performance 


niversal In-Circuit Emul 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
devices utilizing microcontrollers in the PIC16C5X, 
PIC16CXX and PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of differant proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new products based on 
PIC16C5X, PIC16CXX and PIC17CXX microcontrollers. 


SSOP to DIP socket adaptors for the MTA85XXX prod- 
ucts allow the user to operate the application with a 
surface mount device, after the emulation has been 
completed. 


The Emulator System is designed to operate on low-cost 
PC compatible machines ranging from 80286-AT class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows™ 3.X environment, allowing the 
operator access to a wide range of supporting software 
and accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 
e Emulator Control Pod 


e Target-Specific Emulator Probe, with MTA85XXX 
interface board 


e PC Host Emulation Control Software 


The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DDE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. DDE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.X, two or more PICMASTER emula- | 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible. 


2.3 PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable VppD and VPP sup- 
plies which allows it to verify programmed memory at 
VbD minimum and VbD maximum for maximum reliabil- 
ity. Ithas an LCD display for displaying error messages, 
keys to enter commands and a modular detachable 
socket assembly to support various package types. In 
stand alone mode the PRO MATE can read, verify or 
program products based on PIC16C5X, PIC16CXX and 
PIC17CXX devices. It can also set fuse configuration 
and code-protect in this mode. Its EEPROM memory 
holds data and parametric information even when pow- 
ered down. It is ideal for low to moderate volume 
production. 


FIGURE 2.1 - PICMASTER SYSTEM CONFIGURATION 


In-Line | 
SV, 12Vde_| Power Supply | 90-250 VAC 
(Optional) 


\4 Power Switch 


ae | Aux. 
PC Bus | 


Common interface Card 
PC Compatible Computer 
(AT/13A Bus) 
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Emulator Probe 


Power Connector 


MTA85XXX 
\ Interface Board 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of VDD minimum, VOD maximum and VPP levels, 
loadand store to and from disk files (intel hex format) are 
some of the features of the software. Essential com- 
mands such as read, verify, program, and blank check 
can be issued from the screen. Additionally, serial 
programming support is possible where each part is 
programmed with a different serial number, sequential 
or random. ih 5 as 


The PRO MATE has a modular “programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports ail products based on PIC16C5X, 
PIC16CXX and PIC17CXX processors. 


MTA85XXX customers can use their existing PIC16C5X 
_ PRO MATE socket module with an adaptor socket, or 
use the PRO MATE socket module designed specifically 
for the MTA85XXX products. 


2.4 PICSTART™ Programmer 


The PICSTART programmer is an easy to use, very low- 
cost prototype programmer. It connects to the PC via 
one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
andefficient. The user interface is full-screen and menu- 
based.- | 


The same MTA85XXX adaptor socket which is available 
for use with the PRO MATE will allow the user to convert 
the MTA85XXX SSOP footprint to the DIP footprint used 
by PICSTART. This same socket will also allow the user 
to program the EEPROM portion of the MTA85XXxX ina 
standard EEPROM programmer. | 


2.5 Assembler 


The Assembler is a PC-hosted software development 
tool supporting the PIC16C5X and PIC16CXX series 
microcontrollers. It offers a full featured Macro and 
Conditional assembly capability. It can also generate 
various object code formats including several Hex for- 
mats to support Microchip's proprietary development 
tools as well as third party tools. Also supports Hex 
(default), Decimal and Octal Source and listing formats. 


An assembler users manual is available for detailed . 


support. 


2.6 Software Simulator 


The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performedin single step, execute until break or ina trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


ment 


For convenience, the development tools are packaged 
into comprehensive systems as listed below: 


‘item: Name System Description 


. |PICMASTER | PICMASTER In-Circuit Emulator with 
System your choice of Target Probe, 
PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 


PICSTART Low-Cost Prototype 
Programmer, Assembler, Software 
Simulator and Samples 


2. |PICSTART 
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3.0 ELECTRICAL CHARACTERISTICS 
3.1 Absolute Maximum Ratings* 


Ambient temperature under bias. ...... 55°C to +125°C 
Storage Temperature ............... - 65°C to +150°C 


*Notice: Stresses above those listed under "Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 


Voltage on any pin with respect to Vss 


(except VoD and MCLR) 0.6V to Vop +0.6V conditions for extended periods may affect device reliability. 


Voltage on VoD with respect to VSS oe 0 to +7.5V Notes: 1. Totalpowerdissipation shouldnot exceed800 
Voltage on MCLR with respect to Vss mW for the package. Power dissipation is 
(Note 2) ......... sovseeessannseseeceonnnnsesennnesenseanesettn 0 to +14V énleulatadastollows: 

Total power Dissipation (Note 1) sdScedsanakeeitess 800 mW Pdis = Von x {ID - 5 loh} + 5, {(Vop-Voh) x loh} 
Maximum Current out of VSs pin..................... 150 mA + (Vol x lol) 

Maximum Current into VoD pin 50 mA 


. Voltage spikes below Vss at the MCLR pin, 
inducing currents greater than 80mA, may 
cause latch-up. Thus, a series resistor of 50- 
100Q should be used when applying a “low' 


Maximum Current into an input pin ................ +500 pA 
Maximum Output Current sinked by any I/O pin 25 mA 
Maximum Output Current sourced 





by any UO) DIN es seecses cess stacey eeaapasescaneaeeayess seeeneen 20 mA level to the MCLR pin rather than pulling this 
Maximum Output Current sourced by a single oer 
pin directly to Vss. 
I/O port (Port A or B) ......cecessseeeceeeeeeeeees 40 mA 
Maximum Output Current sinked by a single 
VO port (POH AvOn B) ivacesccicaisececsscieces dxvciwerooseeaes 50mA 





3.2 Pin Descriptions 


a 


/O PORTA 
/O PORT B 
Shared Vobp-I/O pin 


RAO - RA3 
RBO - RB7 
SVpb/RB7 


4 input/output lines. 

8 input/output lines. 

Input/Output pin dedicated to EEPROM Vpbp. No external 
connection needed. MTA85X1X only. 

Schmitt Trigger Input. 

Clock input to RTCC register. Must be tied to Vss or VDD if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 

Schmitt Trigger Input. 

A "Low" voltage on this input generates a RESET condition 
for the microcontroller. 

A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to VDD. 
"XT", "HS" and "LP" devices: Input terminal for crystal, 
ceramic resonator, or external clock generator. 

"RC" devices : Driver terminal for extemal RC combination 
to establish oscillation. 

For "XT", "HS" and "LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin. : 
EEPROM data line. 

EEPROM clock line. 


RTCC Real Time Clock/Counter 


Master Clear 


Oscillator (input) 


OSC2/CLKOUT 


Oscillator (output) 


Serial EEPROM Data 
Serial EEPROM Clock 
Power supply 

Ground 
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3.3 DC Characteristics: MTA85X0X-04 (COMMERCIAL, INDUSTRIAL) 
MTA85X0X-10 (COMMERCIAL, INDUSTRIAL) 
MTA85X0X-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions 
DC CHARACTERISTICS, Operating temperature -40°C <TA<+125°C of d 
POWER SUPPLY PINS | -40°C <TAS +85°C fort 


ios 000007 


RAM Data Retention ve De ‘eo, SLEEP mode 
Oe fia BD 82 + vse 
Vpbp start voltage to Vss N < | SeePOR section it in microcontroller 
penanies power on ree == a Serre 
power on reset (| \ datasheet for details on power on reset 


Supply Current (Note 2) EM 
XT and RC options 
Fose = 4 MHz, VoD = 5.5V 
HS option 
Fosc = 10 MHz , VoD = 5.5V 
Fose = 20 MHz, VDD = 5.5V 
LP option, Commercial 
Fose = 32 KHz, VoD = 3.0V, WDT disabled 
LP option, Industrial | 
Fosc = 32 KHz, VDD = 3.0V, WDT disabled 
Power Down Currepr 
(Note 4) | 
WOT enabled VpD = 3.0V, Commercial 
VoD = 3.0V, Industrial 
WDT disabled ; VpD = 3.0V, Commercial 
VoD = 3.0V, Industrial 





* These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 

a) The test conditions for all 1bD measurements in active operation mode are: 

OSC1 = external square wave, from rail to rail; all l/O pins tristated, pulled to Vop, RT = VOB; MCLR = Vop; WDT 
enabled/disabled as specified; EEPROM in write condition. 

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode 
and SDA and SCL are tied to Vss. 

Note 3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss; SDA 
and SCL tied to Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ilr = VDD/2Rext (mA) with Rext in kOhm. 
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-4 DC Characteristics: MTA85X1X-04 (COMMERCIAL, INDUSTRIAL) 
MTA85X1X-10 (COMMERCIAL, INDUSTRIAL) 
MTA85X1X-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions 
DC CHARACTERISTICS, Operating temperature -40°C <TA<+125°C for automotive, 
POWER SUPPLY PINS -40°C < TA < +85°C for indystri 


Vpp start voltage to 

guarantee power on reset datasheet for details on power on reset 
VpD rise rate to guarantee See POR section in microcontroller 
power on reset datasheet for details on power on reset 


XT and RC options 

Fosc = 4 MHz, VDD = 5.5V 

HS option 

Fosc = 4 MHz, VDD = 5.5V 

Fose = 20 MHz, VoD = 5.5V 

LP option, Commercial 

Fose = 32 KHz, VDD = 3.0V, WDT disabled 
LP option, Industrial 

Fosec = 32 KHz, VDD=3.0V, WDT disabled 


(Note 4) 

WDT enablec VbD = 2.5V, Commercial 
VbD = 2.5V, Industrial 

WDT disabled : VDD = 2.5V, Commercial 
Vbb = 2.5V, Industrial 





* These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 

a) The test conditions for all lbD measurements in active operation mode are: 

OSC1 = external square wave, from rail to rail; all /O pins tristated, pulled to VoD, except RB7 driving '1' for 
SEE Vpp. RT = Vod, MCLR = Vpop; WDT enabled/disabled as specified; EEPROM in write condition. 

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode 
and SDA and SCL are tied to Vss. 

Note 3: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss; SDA 
and SCl tied to Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir= Vpbb/2Rext (mA) with Rext in kOhm. 
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3.5 DC Characteristics: © MTA85XXX-04 (COMMERCIAL, INDUSTRIAL) 
| MTA85XXX-10 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-20 (COMMERCIAL, INDUSTRIAL) 


DC CHARACTERISTICS, Standard Operating Conditions 


ALL PINS EXCEPT POWER SUPPLY Operating temperature ~40°C <TAS +85'C for industrial and | 
es 0°C < TA< +70°C for commercial - 


Characteristic 


input Low Voltage 
/O ports 0.2 VDD 
MCLR (Schmitt trigger) 0.15 VoD 
RTCC (Schmitt trigger) 0.15 Vop 
OSC1 (Schmitt trigger) 0.15 Vop 
OSC1 0.3 VDD 
Input High Voltage : 
I/O ports 0.45 VoD 
2.0 
0.36 VpD Vop > 5.5V 

MCLR (Schmitt trigger) 0.85 VoD 
RTCC (Schmitt trigger) | 0.85 Vppb 
OSC1 (Schmitt trigger) 0.85 VDD S RC option only (Note 5) 
OSC1 | S XT, HS and LP options 
input Leakage Current For Vpp < 5.5V 
(Note 4) 
I/O ports Vss < VPIN < VDD, 

Pin at hi-impedance 
MCLR -VPIN = Vss + 0.25V (Note 3) 
MCLR VPIN = VDD (Note 3) 
RTCC Vss < VPIN < VoD 
OSC1 Vss < VPIN < VDD , 

XT, HS and LP options 


loL = 8.7 mA, Vop = 4.5V 
lOL = 1.6 mA, VDD = 4.5V 


loL = 3.0 mA, VoD = 3.0V 


I/O Ports (Note 4) IOH = -5.4 mA, VDD = 4.5V 
OSC2/CLKOUT IOH = -1.0 mA, VDD = 4.5V 
(RC option only) | 





Note 1: Datainthe column labeled "Typical" is based on characterization results at 25 °C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the microcontroller 
be driven with extemal clock in RC mode. | 

Note 6: The user may use better of the two specifications. 
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AC Characteristics: | MTA85XXX-04 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-10 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-20 (COMMERCIAL, INDUSTRIAL) 


AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40°C < Ta <+85°C for industrial and 


0°C < TA < +70°C for commercial 


Typ 
(Note 1) 
af 
DC 
DC 





Characteristic 


External external CLOCKIN. —~SOS«S 
Frequency (Note 2) 















RC mode 
XT mode 
HS mode (Com/Ind) (Note 5) 








Oscillator Frequency Fosc DC 


(Note 2) 






















Instruction Cycle Time Tcy 


(Note 2) 


External Clock in Timing 
(Note 4) 

Clock in (OSC1) High or Low Time 
XT oscillator type 

LP oscillator type 

HS oscillator type 

Clock in (OSC 1) Rise or Fall Time 
XT oscillator type 

LP oscillator type TCKRFLP 
HS oscillator type TCKRFHS 


RESET Timing ESS 
MCLR Pulse Width (low a \ 


RTCC Input Timing, No Prescaler ac WY 
RTCC High Pulse Width Vy Gi 8 Tcy+ 20* Note 3 
RTCC Low Pulse Width x / 0.5 Toy+ 20* Note 3 


RTCC Input Timing, With PreScate 

RTCC High Pulse Width RIF Note 3 | 

RTCC Low Pulse Width Note3 

RTCC Period 7 Note 3. Where N = prescale 
| value (2,4, ..., 256) 


Watchdog Timer Sut Period 

rwr_[or |__| or] ms | voowsov 
Oscillation Start-up Timer Period | Tost [9% | 18* | 30* | ms | Voo=5.0V  — | 
1/0 Timing | 
I/O Pin Input Valid Before 
CLKOUTT (RC Mode) TDs 0.25 Tcv+ 30* ns 
1/0 Pin Input Hold After 
CLKOUTT (RC Mode) TDH 0* ns 
I/O Pin Output Valid After 
CLKOUTL (RC Mode) TPD 40* | ns 


* Guaranteed by characterization, but not tested. (Cont. on next page) 









TCKHLXT 
TCKHLLP 
TCKHLHS 
















TCKRFXT 
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3.6 AC Characteristics: MTA85XXX-04 (COMMERCIAL, INDUSTRIAL) | 
~MTA85XXX-10 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-20 (COMMERCIAL, INDUSTRIAL) 

















AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40°C < TA <+85°C for industrial and 
0°C < TA< +70°C for commercial 









1/0 Timing (cont.) 














/0 pin input valid before OSCT 

(1/0 setup time) TioV2osH 
OSC1T to I/O pin input invalid TosH2ioL 
(1/0 hold time) 











OSC1T to I/O pin output valid 
1/0 pin output rise time 

1/0 pin output fall time 
Capacitive Loading Specs on Output Pins 
OSC2 pin 


TosH2i0V 
TioR 
TioF 















In XT, HS or LP modes when 
external clock is used to drive 
OSC1 


axpected current consumption. All devices are tested to operate at "minimum" 
applied to the OSC1 pin. | 


Note 3. 
Note 4. 


lanation of RTCC input clock requirements see microcontroller datasheet Section 4.2.1. 
@ is the duration for which clock input is at VIHOSC or higher. 
Clock-in lovstimé is the duration for which clock input is at VILOSC or lower. 
Note 5. This HS specification is only for the -20 device. The -10 device has a maximum of 10 MHz and the -04 device 
has a maximum of 4 MHz. 
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FIGURE 3.6.1 - EEPROM BUS START/STOP TIMING 





FIGURE 3.6.2 - BUS TIMING DEFINITIONS 


SCL 


t eq). 
SU:STA SU:DAT  t SU:STO—> 


taa 


4 [XXX XXX) 
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TABLE 3.6.2 - AC CHARACTERISTICS OF EEPROM. 


AC CHARACTERISTICS er eainnaey 
Clock frequency . i 

Clock high time | THIGH | 4000 

Clock low time 4700 


Parameter - 


SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time T 4000 After this period the first 
clock pulse is generated 


dO 
Daiareutseupine | tovowr| a0 | — [oo[— | mw [ 


Bus free time | TBUF 4700 1300 Time the bus must be free 
. before a new transmission 
can start 


Output fall time from VIH [eee rend 20 +0.1 bal ae Note 2. Ce < 100 pF , 
CB anaes 


START condition setup time TSU:STA | 4700 Only relevant for repeated 
START condition = j 


minimum to ViL maximum 


| Input filter spike suppression Tsp / N/A 
(SDA and SCL pins) | we 
| twa | —_ 


Wate cycte time | 10 | — | 10 | me _| Bytoor Page mode 


0 | ms | 
Endurance = 100,000 100,000 E/W 
Cycles 


Note 1: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 


Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise spike 
suppression. This eliminates the need for a Tl specification for standard operation. 
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4.0 PACKAGE OUTLINES 
See Section 11 of the Data Book. 


5.0 PACKAGE MARKING INFORMATION 


20L SSOP Example 






XXXXXXXKX 
XXXXXXXK 


oS AABB CD4D9E 


MTA85401 
10/SS 





oS 9321 CAAP 











MM...M_ Microchip part number information 
XX...X Customer specific information* 





AA Year code (last 2 digits of calendar year) 

BB Week code (week of January 1 is week '01') 

C Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Dj Mask revision number for microcontroller 

Do Mask revision number for EEPROM 

E Assembly code of the plant or country of origin in which 






part was assembled. 


In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 





Note: 


“Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are incuded in QTP price. 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. Refer to Table 1.2.1. 


PART NO. - XX X /XX XXX 
“Ty Pattern: 3-Digit Pattern Code for QTP (blank for OTP and Windowed Parts) 


Package: SS = 209 mil SSOP 


Temperature O'S to +70°C (T for tape/reel) 
Range: -40°C to +85°C (S for tape/reel) 
40°C to +125°C | 


Frequency 4 MHz 
Range: 10 MHz 
20 MHz 


Device: MTA85401 __: Refer to Table 1.2.1 


Examples: | | 
a) MTA85402 - 04/SS 301 = Commercial temperature, SSOP package, 4 MHz, QTP pattern # 301 
b) MTA85811 - 101/SS Industrial temperature, SSOP package, 10 MHz 
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SECTION 5 

SERIAL EEPROM PRODUCT SPECIFICATIONS 
EEPROM Serial EEPROM Selection Guide ....................ccccccssescceseccscsessecccceccscssscceees 5- 1 
24C01A/02A/04A 1K/2K/4K 5V CMOS Serial EEPROMS ............ccccccsssscecccccssersnssssscccectancnes 5- 3 
24LC01B/02B 1K/2K 2.5V CMOS Serial EEPROMG) .............sccccssssssssevecccncssacccncsenseccesees 5- 13 
24AA01/02 1K/2K 1.8V CMOS Serial EEPROMG. .............cccccsssssscescccssscssscccsseccccsceesees 5- 23 
24LC04B/08B 4K/8K 2.5V CMOS Serial EEPROMG. ..............ccccsscssesccssssssersnsssssscnsccesseees 5- 33 
24AA04/08 4K/8K 1.8V CMOS Serial EEPROMS. ................cccccsssscssccsscessesccssssusceceenses 5- 43 
24LC16B 16K 2.5V CMOS Serial EEPROM .................ccscsscsssssssssscccsccssseccessaseusecsecs 5- 53 
24C08B/16B 8K/16K 5V E-Temperature Serial EEPROMS .................cssecsercsssseeeeeseeenees 5- 63 
24AA16 16K 1.8V CMOS Serial EEPROM. .................cccsssesssssssceseccscacssscssssesccacscsees 5- 73 
24LC164 16K 2.5V Cascadable CMOS Serial EEPROM Product Brief ................... 5- 83 
24AA164 16K 1.8V Cascadable CMOS Serial EEPROM Product Brief ................... 5- 85 
24LC174 16K 2.5V CMOS Serial EEPROM with OTP Security Page Product Brief 5- 87 
24AA174 16K 1.8V CMOS Serial EEPROM with OTP Security Page Product Brief 5- 89 
24C32 32K 5V CMOS Serial EEPROM uuu... eeccescccccccneecsscseceescerseseescceseesaneneees 5- 91 
24LC32 32K 2.5V CMOS Serial EEPROM .u............ccccscsseccccccscscsceeecersacceeceacseeeesees 5- 103 
24C65 64K 5V CMOS Smart Serial™ EEPROM ...........:ccccccccecceccccscsecssssecceeccences 5- 115 
24LC65 64K 2.5V CMOS Smart Serial EEPROM ............cccccsescsseccesesesecseeccessnsnseeee 5- 127 
24AA65 64K 1.8V CMOS Smart Serial EEPROM 0.0... cece cccccctsccctecscnsccccceeesees 5- 139 
59C11 1K 5V CMOS Serial EEPROM ............cc.. csc cccecceccesssscenseecssscceseccnscasescecesees 5- 151 
85C72/82/92 1K/2K/4K 5V CMOS Serial EEPROM ................0cccccscsececccsccssecssceserscceesees 5- 159 
93C06/46 256 Bit/1K 5V CMOS Serial EEPROM ............ccccccccccccccccssssssssssesseccecsscases 5- 167 
93C56/66 2K/4K 5V CMOS Serial EEPROM ...uu..........cccscccssscscecccccccsscnssscesseesccecenees 5- 175 
93LC46/56/66 1K/2K/4K 2.0V CMOS Serial EEPROM ..............0.cccccscecccccccssercssesseeccecceees 5- 185 
93LC46B/56B/66B 1K/2K/4K 2.0V CMOS Serial EEPROM ................cccccccecccecscsssrcssssncceresseees 5- 193 
93AA46/56/66 1K/2K/4K 1.8V CMOS Serial EEPROM ....0............ccccceccccsccesssecsecceesseseens 5- 201 
93LCS56/66 2K/4K 2.5V CMOS Serial EEPROM with Software Write Protect ............. 5- 209 
EEPROM Serial EEPROM Cross Reference Guide ..................cccccssesssnsssssececcensssceees 5- 221 
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Serial EEPROMs 





Serial EEPROM Selection Guide 





2-Wire Bus Protocol 


Device 


24C01A 
24C02A 
24C04A 
85C72 
85C82 
85C92 
24LC01B 
24AA01 
24LC02B 
24AA02 
24LC04B 
24AA04 
24LC08B 
24AA08 
24LC16B 
24AA16 
24LC164 
24AA164 


24LC174 


24AA174 


24C32 
24LC32 
24C65 
24LC65 


24AA65 


Compat- 
ibility 


Industry 
Industry 
industry 
Philips 

Philips 

Philips 

Industry 
Industry 
Industry 
Industry 
industry 
Industry 
Industry 


Industry 


Industry 


Industry 
Atmel, Xicor 
Atmel, Xicor 


Sole Source 


Sole Source 


Sole Source 
Sole Source 
Sole Source 
Sole Source 


Sole Source 


Density/ 
Organization 


1K bits (128 x 8) 
2K bits (256 x 8) 
4K bits (512 x 8) 
1K bits (128 x 8) 
2K bits (256 x 8) 
4K bits (512 x 8) 
1K bits (128 x 8) 
1K bits (128 x 8) 
2K bits (256 x 8) 
2K bits (256 x 8) 
4K bits (512 x 8) 
4K bits (512 x 8) 
8K bits (1K x 8) 

8K bits (1K x 8) 

16K bits (2K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 


16K bits (2K x 8) 
+ 16 bytes 


16K bits (2K x 8) 
+16 bytes 


32K bits (4K x 8) 
32K bits (4K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 


64K bits (8K x 8) 
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Page 
Buffer 


2 bytes 
2 bytes 
8 bytes 
2 bytes 
2 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 


16 bytes 


16 bytes 


64 bytes 
64 bytes 
64 bytes 
64 bytes 


64 bytes 


CMOS Serial EEPROMs 


Write 
Speed 


1 ms/byte 
1 ms/byte 
1 ms/byte 
1 ms/byte 
1 ms/byte 
1 ms/byte 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 
10 ms 


10 ms 


10 ms 


5 ms/pg 
5 ms/pg 
5 ms/pg 
5 ms/pg 


5 ms/pg 


100 KHz 
100 KHz 
100 KHz 
100 KHz 
100 KHz 
100 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 
400 KHz 


400 KHz 


400 KHz 


400 KHz 
400 KHz 
400 KHz 
400 KHz 


100 KHz 


Endur- 
ance 
(min.)* 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 
100K 


100K 


100K 


100K/10K C,I 
100K/10K C,I 
100K/5K_ CI 
100K/5K_ C,I 


100K/5K C 


Package 
Types 


P,SN,SM 
P,SN,SM 
P,SN,SM,SL 
P,SM 

PSM 
PJ,SM,SL 
P,SN,SM 
P,SN,SM 
P,SN,SM 
P,SN,SM 
P,SN,SM,SL 
P,SN,SM,SL 
P,SN,SM,SL 
P,SN,SM,SL 
P,SN,SL 
P,SN,SL 

P, SN 

P, SN 


P, SN 


P, SN 


P,SM 
P,SM 
P,SM 
PSM 


PSM 


Operating 
Voltage 


4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4,.5V - 5.5V 
4.5V - 5.5V 
4.5V -5.5V 
2.5V - 5.5V 
1.8V - 5.5V 
2.5V - 5.5V 
1.8V - 5.5V 
2.5V - 5.5V 
1.8V - 5.5V 
2.5V - 5.5V 
1.8V - 5.5V 
2.5V - 5.5V 
1.8V - 5.5V 
2.5V - 5.5V 
1.8V - 5.5V 


2.5V - 5.5V 


1.8V - 5.5V 


4.5V - 5.0V 
2.5V - 6.0V 
4.5V - 5.5V 
2.5V - 6.0V 


1.8V - 6.0V 
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CMOS Serial EEPROMs (Cont.) 


3-Wire/4-Wire Bus Protocol 


. Endur- - 3 
Density/ Page ance — Package Operating 
Organization Buffer (min.)* Types Voltage 


1K bits (x8 or x16) N/A 100K P,SN,SM 4.5V - 5.5V 
256 bits (16x 16) N/A 100K P,SN,SM 4.5V - 5.5V 
1K bits (64x16) N/A 100K P,SN,SM 4.5V - 5.5V 
2K bits (x8 or x16) N/A 100K P,SN,SM,SL  4.5V - 5.5V 
4K bits (x8 or x16) N/A 100K P,SN,SM,SL = 4.5V - 5.5V 
1K bits (x8 or x16) 100K P,SN,SM 2.0V - 6.0V 
2K bits (x8 or xt 6) 100K P,SN,SM,SL  2.0V - 6.0V 


4K bits (x8 or x16) 100K P,SN,SM,SL =. 2.0V - 6.0V 





3-Wire Bus Protocol 





Density/ Operating 
Organization . Voltage 
Atmel 1K bits (x8 or x16) _ P,SN,SM 1.8V - 5.5V 
Atmel 2K bits (x8 or x16) P,SN,SM 1.8V - 5.5V 
Atmel 4K bits (x8 or x16) P,SN,SM 1.8V - 5.5V 
National 1K bits (64 x 16) ; | P,SN,SM 2.0 - 6.0V 
National 2K bits (128 x 16) P,SN,SM 2.0-6.0V 
National 4K bits (256 x 16) P,SN,SM 2.0 - 6.0V 
National 2K bits (128 x 16) P,SN,SM,SL = 2.5V-6.0V 
National 4K bits (256 x 16) P,SN,SM,SL 2.5V-6.0V 
PACKAGES 
P = Plastic DIP J = Ceramic DIP L = PLCC K = CeramicLCC 
SN = .150" 8id SOIC SM = .207" 8ld SOIC SL = .150° 141d SOIC SO = .300" 28id SOIC 
S = Dice in Wafflepack W_ = Dice in Wafer Form TS = 28ld TSOP (8x20mm) 
VS = 28Id VSOP (8x13.4mm) 


* Endurance is guaranteed to 10K cycles at extended (-40°C to +125°C) temperature. 


NOTE: NOT ALL COMBINATIONS OF SPEED/TEMPERATURE RANGE/PACKAGE/ETC. ARE AVAILABLE. 
| CONSULT FACTORY FOR SPECIFIC PART INFORMATION. 
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1K/2K/4K 5V CMOS Serial EEPROMs 





FEATURES DESCRIPTION 

e Low power CMOS technology The Microchip Technology Inc. 24CO1A/02A/04A is a 
e Hardware write protect 1K/2K/4K bit Electrically Erasable PROM. The device is 
e Two wire serial interface bus, I?C™ compatible organized as shown, with a standard two wire serial 
e 5 volt only operation interface. Advanced CMOS technology allows a signifi- 
e Self-timed write cycle (including auto-erase) cant reduction in power over NMOS serial devices. A 
¢ Page-write buffer special feature provides hardware write protection for 
¢ ims write cycle time for single byte the upper 256 byte block. The 24C01A/02A/04A also 
¢ 1,000,000 ERASE/WRITE cycles (typical) has a page-write capability for up to 8 bytes of data (see 
e Data retention >40 years chart). Up to four 24C01A/02A/04As may be connected 
¢ 8-pin DIP/SOIC packages to the two wire bus. The 24C01A/02A/04A is available 
¢ Available for extended temperature ranges: in the standard 8-pin DIP and 8-pin surface mount SOIC 

—Commercial: 0°C to +70°C package. 


—Industrial: -40°C to +85°C 


—Automotive: -40°C to +125°C This device offers fast (1ms) byte write and ex- 


tended (-40°C to 125°C) temperature operation. Itis 


recommended that all other applications use 
BLOCK DIAGRAM Microchip’s 24LCXXB. 


bere 24C01A | 24C02A | 24C04A 
(FIFO) 128x8 | 256x8 |2x256x8 
pk Deaf. | None | 080-OFF | 100-1FF 
i | 


| 
Slave Addr. 
| Control 
Logic 


AO A1 A2WP 





PIN CONFIGURATIONS 


DIP Package SOIC Packages 





24CO1A 24CO1A 
24C02A 24C02A 
24C04A 24C04A *"TEST" pin in 24CO1A 
l?c is a trademark of — a 
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ELECTRICAL CHARACTERISTICS 


Maximum Ra tings" 


VOC) scsisue: Set eageua vane: os aca se ustctet eaters ease aed 7.0V 
All inputs and outputs w.r.t. VSs .....-0.6V to Vcc +1.0V 
Storage temperature _..................00 -65°C to +150°C 


Ambient temp. with power applied .....-65°C to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection on all pins ...............cccsecsesseceeeees 4kV 


*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 


vane [Aon 


PIN FUNCTION TABLE 












No Function for 24C04A only, 
Must be connected to Vcc or Vss 
Chip Address Inputs 

Ground 

Serial Address/Data I/O 

Serial Clock 

(24C01A only) Vcc or Vss 

Write Protect Input 

+5V Power Supply 






Vec = +5V (+10%) 

Commercial (C): Tamb= 0O°C to +70°C — 
Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): Tamb = -40°C to +125°C (Note 2) 


Parameter | symbot| min | wax | units | Conditions 


Vcc detector threshold | vm | 28 


SCL and SDA pins: 
High level input voltage 
Low level input voltage : -0.3 
Low level output voltage 


Al & A2 pins: 
High level input voltage 
Low level input voltage 


input leakage current 
Output leakage current 


Internal capacitance 
(all inputs/outputs) 


Operating current 


icc write 


Icc read 


Standby current 


Note 1: This parameter is periodically sampled and not 100% tested. 


Vcc x.0.7 


Las 


0.4 
Vec + 0.5 
0.5 
10 


| to | pA VIN = OV to Vcc 


loL = 3.2 mA (SDA only) 


FCLK = 100 kHz, program cycle 
time = 1 ms, Vcc = 5V, 

Tamb = 0°C to +70°C 

FCLK = 100 kHz, program cycle 
time = 1 ms, Vcc = 5V, 

Tamb = (I) and (E) 

Vec = 5V, Tamb= (C), (I) and (E) 


SDA = SCL = Vcc = 5V 
(no PROGRAM active) 





Note 2: For.operation above 85°C, endurance is rated at 10,000 ERASE/WRITE cycles 


BUS TIMING START/STOP 
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AC CHARACTERISTICS 


T 
Q 
rs 
0) 
on 


Parameter 


Clock frequency FCLK 





Clock high time 

Clock low time 

SDA and SCL rise time 
SDA and SCL fall time 
START condition hold time 


% 






Data input hold time 


: 


Data input setup time 
Data output delay time 
STOP condition setup time 


Bus free time 


Input filter time constant 
(SDA and SCL pins) 


TI 
Program cycle time 


Endurance 


ee 
St 
START condition setup time 


47 
40 
47 


P= [00000 


Remarks 


co 
an 
= 


1000 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 





See Note 1 


Time the bus must be free 
before a new transmission 
can start 






Byte Mode 
Page Mode, N = # of bytes 


1 
N 


E/W 





Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (minimum 300 ns) of 
the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


FIGURE 2 - BUS TIMING DATA 


tra 


at QXQQQOOOOK 


FUNCTIONAL DESCRIPTION 


The 24C01A/02A/04A supports a bidirectional two wire 
bus and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C01A/02A/04A 





works as slave. Both master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


Up to four 24C01A/02A/04As can be connected to the 
bus, selected by the A1 and A2 chip address inputs. AO 
must be tied to Vcc or Vss. Other devices can be 
connected to the bus but require different device codes 
than the 24C01A/02A/04A (refer to section Slave Ad- 
dress). 
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24C01A/02A/04A 





BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Datatransfer may be initiated only when the busis not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not B A 
Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. Allopera- 
tions must be ended with a STOP condition. 


Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C01A/02A/04A does not generate any 
acknowledge bits if an internal program- 
ming cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


BXXXXYXY ARYA RAY AM 
‘ \ y\ ,, *! 4 ,! 44, YY OXY Hilt 
RR RAAR ARR ARRKRA SAX 


eg” rena EReg” ~aenge nga egy 


START CONDITION ADDRESS = DATA ALLOWED 
OR TO CHANGE 
ACKNOWLEDGE 
VALID 


STOP 
CONDITION 





- 
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SLAVE ADDRESS 


The chip address inputs A1 and A2 of each 24C01A/ 
_ 02A/04A must be extemally connected to either Vcc or 
ground (VSss), assigning to each 24CO1A/02A/04A a 
unique 2-bit address. Uptofour24C01A/02A/04As may 
be connected to the bus. Chip selection is then accom- 
plished through software by setting the bits A1 and A2 of 
the slave address to the corresponding hard-wired logic 
levels of the selected 24C01A/02A/04A. AO is not used 
and must be connected to either Vcc or Vss. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C01A/02A/04A, followed by the 
chip address bits A1 and A2. Inthe 24C04A, the seventh 
bit of that byte (BA) is used to select the upper block 
(addresses 100—1FF) or the lower block (addresses 
0OO—OFF) of the array. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24C01A/02A/04A 
(see Figure 2). 


The 24C01A/02A/04A monitors the bus for its corre- 
sponding slave address all the time. It generates an 
acknowledge bit if the slave address was true andit is not 
in a programming mode. 


FIGURE 2 - SLAVE ADDRESS ALLOCATION 


START READ/WRITE 


i] SLAVE ADDRESS 


/ \ 


\ 
7 \ 


BYTE PROGRAM MODE 


In this mode, the master sends addresses and one data 
byte to the 24C01A/O2A/04A. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 24C01 A/02A/04<A that a byte 





FIGURE 3 - BYTE WRITE 
BUS ACTIVITY: CONTROL 
MASTER BYTE 


SDA LINE 


S 
T 
A 
R 
T 


BUS ACTIVITY: 
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with a word address will follow after it has generated an 
acknowledge bit. Therefore the next byte transmitted by 
the master is the word address and willbe written into the 
address pointer of the 24C01 A/02A/04A. After receiving 
the acknowledge of the 24C01A/02A/04A, the master 
device transmits the data word to be written into the 
addressed memory location. The 24CO01A/02A/04A 
acknowledges again and the master generates a STOP 
condition. This initiates the internal programming cycle 
of the 24C01A/02A/04A (see Figure 3). 


PAGE PROGRAM MODE 


To program the 24C01A/02A/04A, the master sends 
addresses and data to the 24C01A/02A/04A which is the 
slave (see Figure 3 and 4). This is done by supplying a 
START condition followed by the 4-bit device code, the 
3-bit slave address, and the R/W bit which is defined as 
a logic LOW fora write. This indicates to the addressed 
slave that a word address will follow so the slave outputs 
the acknowledge pulse to the master during the ninth 
clock pulse. When the word address is received by the 
24C01A/02A/04A, it places it in the lower 8 bits of the 
address pointer defining which memory location is to be 
written. (The BA bit transmitted with the slave address 
is the ninth bit of the address pointer). The 24C01 A/02A/ 
04A will generate an acknowledge after every 8-bits 
received and store them consecutively in a 2-byte or 8- 
byte RAM until a STOP condition is detected which 
initiates the internal programming cycle. If more than 8 
bytes (2 bytes in 24C01A/02A) are transmitted by the 
master, the 24C01A/02A/04A will rollover and overwrite 
the data beginning with the first received byte. This does 
not affect erase/write cycles of the EEPROM array and 
is accomplished as a result of only allowing the address 
registers bottom 3 bits to increment while the upper 5 bits 
remain unchanged. 


if the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
Starts after the STOP condition has been generated by 
the master and all received data bytes in the page buffer 
will be written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8 for 
24C04A, 2 for 24C01A/02A). 


WORD 
ADDRESS 
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FIGURE 4 - PAGE WRITE 


BUS ACTIVITY: 
MASTER 


CONTROL WORD 
BYTE ADDRESS (n) 


41D> 40 


SDA LINE 


BUS ACTIVITY: 


ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). Ifthe device is still busy with 
the write cycle, then no ACK will be retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. See Figure 5 for flow diagram. 


FIGURE 5 - ACKNOWLEDGE POLLING FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 
(ACK = 0)? 


Next 
Operation 





DATA n DATAn +1 





WRITE PROTECTION 


Programming of the upper half of the memory will not 
take place if the WP pin of the 24C02A or 24C04A is 
connected to Vcc (+5V). The device will accept slave 
and word addresses but if the memory accessed is write 
protected by the WP pin, the 24CO2A/04A will not 
generate an acknowledge after the first byte of data has 
been received, and thus the program cycle will not be 
started when the STOP condition is asserted. Polarity of 
the WP pin has no effect on the 24CO1A. 


READ MODE 


This mode illustrates master device reading data from 
the 24C01A/02A/04A. 


As can be seen from Figures 7 and 8, the master first 

sets up the slave and word addresses by doing a write. 

(Note: Although this is a read mode, the address pointer | 
must be written to). During this period the 24C01 A/02A/ 
04A generates the necessary acknowledge bits as de- 

fined in the appropriate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This auto-increment sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: Ifthe masterknows where the address pointer is, 
it can begin the read sequence at the current 
address (see Figure 6) and save time transmit- 
ting the slave and word addresses. 


Note: In all modes, the address pointer will not incre- 
ment through a block (256 byte) boundary, but 
will rotate back to the first location in that block. 
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FIGURE 6 - CURRENT ADDRESS READ 


BUS ACTIVITY: 


CONTROL 
MASTER BYTE 


AD>oaMn 
VOuAM 


SDA LINE 


BUS ACTIVITY: 


AO} 
ANY OZ 





FIGURE 7 - RANDOM READ 


BUS ACTIVITY: 


MASTER ADDRESS (n) BYTE 


en, (§— Des rasggneeim, fg ren I, 


Sa, JOR Maen ieee etal WS) ceed lence le 
A 
C 


ADPYSAM 


s 
T 

CONTROL WORD A CONTROL 
BYTE R 
. 


BUS ACTIVITY: ae 


| A 
C DATAn 
K K 





FIGURE 8 - SEQUENTIAL READ 


BUS ACTIVITY: CONTROL 
MASTER 


SDA LINE 


BUS ACTIVITY: DATAn +1 DATAnN+2 
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PIN DESCRIPTION 
AQ, A1, A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. For 24C04 AO is no 
function. | 


Up to eight 24C01A/02A's or up to four 24C04A's can be © 


connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


DA Serial Addr Data | tput 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pull-up resis- 
tor to Vcc (typical 10KQ). 


For normal data transfer, SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


L_ Serial Clock 


This input is used to synchronize the data transfer from 
_ and to the device. 


WP _Write Protection 


This pin must be connected to either Vcc or Vss for 
24C02A or 24C04A. It has no effect on 24CO1A. 


If tied to Vcc, PROGRAM operations onto the upper 
memory block willnot be executed. Read operations are 
possible. 


If tied to VSs, normal memory operation is enabled (read/ 
write the entire memory). 


This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave 
address and word address will be acknowledged but 
data will not be acknowledged. 


Notes: 


1. A"page" is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
24C04A page is 8 bytes long; the 24C01A/02A page 
is 2 bytes long. 


2. A"block" is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the 
first location in the same block. The 24C01A/02A/ 
04A has two blocks, 256 bytes each. The 24CO1A 
and 24C02A each have only one block. 
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NOTES: 





== 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24C01A-/P 


PACKAGE: CERDIP 
PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 8-Lead, 24C01A/02A only 
PLASTIC SOIC (207 mil Body) 8-Lead 
PLASTIC SOIC (150 mil Body) 14-Lead, 24C04A only 


TEMPERATURE 0°C to +70°C 
RANGE: -40°C to +85'°C 
-40°C to +125°C 


DEVICE: 24C01A 1K CMOS Serial EEPROM 
. 24C01AT 1K CMOS Serial EEPROM (in Tape and Reel) 
24C02A 2K CMOS Serial EEPROM 
24C02AT 2K CMOS Serial EEPROM (in Tape and Reel) 
24C04A 4K CMOS Serial EEPROM 
24CO04AT 4K CMOS Serial EEPROM (in Tape and Reel) 
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MICROCHIP 24 LCO1 B/ 02 B 


1K/2K 2.5V CMOS Serial EEPROMs 








FEATURES DESCRIPTION 

e Single supply with operation down to 2.5V The Microchip Technology Inc. 24LC01B and 

e Low power CMOS technology 24LC02B are 1K bit and 2K bit Electrically Erasable 
— 1mA active current typical PROMs. The devices are organized as a single block 
— 10 A standby current typical at 5.5V of 128 x 8 bit or 256 x 8 bit memory with a two wire 
— 5,A standby current typical at 3.0V serial interface. Low voltage design permits opera- 

e Organized as a single block of 128 bytes (128 x 8) tion down to 2.5 volts with a standby and active 
or 256 bytes (256 x 8) currents of only 5 nA and 1 mA respectively. The 

e Two wire serial interface bus, I2?C™ compatible 24LC01B and 24LC02B also have page-write capa- 

e 100KHz (2.5V) and 400KHz (5V) compatibility bility for up to 8 bytes of data. The 24LC01B and 

e Self-timed write cycle (including auto-erase) 24LC02B are available in the standard 8-pin DIP and 

e Page-write buffer for up to 8 bytes an 8-pin surface mount SOIC package. 

e 2 ms typical write cycle time for page-write 

e Hardware write protect for entire memory 

¢ Can be operated as a serial ROM 

e Factory programming (QTP) available 

e ESD protection > 3,000V 

e 1,000,000 ERASE/WRITE cycles (typical) 

¢ Data retention > 40 years 

¢ 8 pin DIP or SOIC package 


Available for extended temperature ranges 
— Commercial: O°C to + 70°C 
— Industrial: -40°C to +85°C 


PIN CONFIGURATION BLOCK DIAGRAM 


DIP Package 


HV GENERATOR 


MEMORY a EEPROM 
CONTROL ARRAY 
LOGIC XDEC 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 





I?C is a trademark of Philips Corporation 
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ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 

Maximum Ratings* 

VOC ace tiitee be aciasgetuitds Ciauatcousaqunciee nate tiaw vats wecdtaesecteae: 7.0V 

All inputs and outputs w.r.t. VSs .....-0.6V to Vcc +1.0V 

Storage temperature oo... -65°C to +150°C | Ground 

Ambient temp. with power applied .....-65°C to +125°C Serial Address/Data I/O 
Soldering temperature of leads (10 seconds) ..+300°C Serial Clock 

ESD protection on all pins ...............c cc cesesceeeeeeees 2>4kV 


Write Protect Input 
“Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and +2.5V to 5.5V Power Supply 
functional operation of the device at those or any other conditions above No Internal Connection 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 





Vcc = +2.5V to +5.5V 
DC CHARACTERISTICS Commercial (C): Tamb= 0°C to +70°C 


Industrial (I): Tamb = -40°C to +85°C 


Puan ‘(Sombci| win | maw | Vote | condone 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmidt trigger inputs ; —_ Note 1 


Low level output voltage .40 loL = 3.0 mA, Vcc = 2.5V 


Input leakage current pate ted arcs VIN = .1V to 5.5V 
[Output leakage current = leakage [Output leakage current = ee VOUT = | Vour=1Vt05 SV to 5.5V 


| Internal capacitance CINT Vcc = 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C, Fctk = 1 MHz 


Operating current Vec=5.5V 
SCL = 400 KHz 


Standby current Vcc =3.0V 
SDA = SCL = Vcc 
Vcc =5.5V 
SDA = SCL = Vcc 





Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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STANDARD | Vcc = 4.5-5.5V 
MODE FAST MODE 
Parameter [min | Max | Min | Max Remarks 


Clock frequency | Fok | 0 400 
Clock high time 4000 

Clock low time 
SDA and SCL rise time Tee | | 
SDA and SCL fall time | ot | =| 


| 100 | 
aw 
aa 
1000 | 
| 300 | 
START condition hold time nas suse tae 
ad 
a 
zoe 









AC CHARACTERISTICS 
























START condition setup time 


Data input hold time | THo:paT ] 0 | 
Data input setup time | Tsupat | 250 
STOP condition setup time | 600 
Output valid from clock | ta | — | 3500 S| 


Bus free time TBUF | 4700 a 1300 
Output fall time from VIH 
minimum to VIL maximum 
Input filter spike suppression N/A | N/A 
(SDA and SCL pins) 


TOF 
TsP 
Tw 10 | 
Endurance 100,000 100,000 E/wW 
Cycles 


Note 1: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 


Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise spike 
suppression. This eliminates the need for a Tl specification for standard operation. 












Time the bus must be free 
before anew transmission 
can start 












BUS TIMING DATA 


' 
> 
\ 
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SU:DAT t SU:STO"“- 
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FUNCTIONAL DESCRIPTION 


The 24LC01B/02B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 


receiving data as receiver. The bus has to be controlled 


by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC01B/02B 
works as slave. Both master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOWtransition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer ( C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24LC01B/02B does not generate any ac- 
knowledge bits if an internal programming 
cycle is in progress. 


The device that acknowledges has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 


Slave Address 


The 24LC01B/02B are software-compatible with older 
devices such as 24CO1A, 24C02A, 24LC01, and 
24LC02. A single 24LC02B can be used in place of 
two 24LC01's, for example, without any modifications 
to software. The "chip select" portion of the control 
byte becomes a don't care. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit 
device code (1010) forthe 24LC01B/02B, followed by 
three don't care bits. 


The eighth bit of slave address determines if the 
master device wants to read or write to the 24LC01B/ 
02B (see Figure 2). 


The 24LC01B/02B monitors the bus for its corre- 
sponding slave address all the time. It generates an 
acknowledge bit if the slave address was true and it 
is not in a programming mode. 


ControlCade | Chip Select _| RAW 














Read 1010 XXX 1 
Write 1010 XXX 0 


FIGURE 2 - CONTROL BYTE ALLOCATION 
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FIGURE 3 - BYTE WRITE 
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WRITE OPERATION 
Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC01B/02B. After receiving another 
acknowledge signal from the 24LC01B/02B the master 
device will transmit the data word to be written into the 
addressed memory location. The 24LC01B/02B ac- 
knowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC01B/02B will not generate 
acknowledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC01B/02B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to eight data bytes to 
the 24LC01B/02B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 
pointer bits are intemally incremented by one. The 
higher order five bits of the word address remains 
constant. If the master should transmit more than eight 
words priorto generating the stop condition, the address 
counter will roll over and the previously received data will 
be overwritten. As with the byte write operation, once 
the stop condition is received an intemal write cycle will 
begin (see Figure 5). 


WORD 
ADDRESS 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). Ifthe device is still busy with 
the write cycle, then no ACK willbe retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 
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FIGURE 5 - PAGE WRITE 
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WRITE PROTECTION 


The 24LC01B/02B can be used as a serial ROM when 
the WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24L.C01B/02B contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. . Therefore, if the previous 
access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. Upon receipt of the slave 
address with R/W bit set to one, the 24LC01B/02B 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC01B/02B 
discontinues transmission (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC01B/02B as part of a write operation. After the 
word address is sent, the master generates a start 
condition following the acknowledge. This terminates 
the write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the R/W bit set to a one. The 24LC01B/ 
02B will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC01B/02B discontinues transmission (See Figure 7). 


DATA n DATAn + 1 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24LC01B/02B trans- 
mits the first data byte, the master issues an acknowl- 
edge as opposed to a stop condition in a random read. 
This directs the 24LC01B/02B to transmit the next 
sequentially addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24LC01B/02B contains 
aninternal address pointer which is incremented by one 
at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


Noise Protection 


The 24LC01B/02B employs a Vcc threshold detector 
Circuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE 8 - SEQUENTIAL READ 
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PIN DESCRIPTIONS» 
DA Serial Addr Data In tout 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 


_ torto Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


L Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


If tied to VSs, normal memory operation is enabled (read/ 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC01B/02B as 
a serial ROM when WP is enabled (tied to Vcc). 


AQ, Ai, A2 


These pins are not used by the 24LC01B/02B. They 
may be left floating or tied to either Vss or Vcc. 


S ss 


~ DATAN+2 +2 DATAN+X 
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NOTES 





or 
© 1994 Microchip Technology Inc. DS20071E-page 9 
5-21 


24LC01B/02B 





SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 


PART NUMBERS 
24LC01B - /P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC oy mil Body} 
PLASTIC SOIC (207 mil Body 


TEMPERATURE 0° C to +70° C 
RANGE: | -40° C to +85° C 


DEVICE: 24LC01B 1K CMOS Serial EEPROM 
24LCO1BT 1K CMOS Serial EEPROM (in Tape and Reel form) 
24LC02B 2K CMOS Serial EEPROM 
24LC02BT 2K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 


24AA01/02 


1K/2K 1.8V CMOS Serial EEPROMs 





FEATURES 


Single supply with operation down to 1.8V 

Low power CMOS technology 

— 1mA active current typical 

— 10A standby current typical at 5.5V 

— 3A standby current typical at 1.8V 
Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 

Two wire serial interface bus, I7C™ compatible 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz (1.8V) and 400 KHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

Can be operated as a serial ROM 

Factory programming (QTP) available 

ESD protection > 3,000V 

1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

8-pin DIP or SOIC package 

Available for extended temperature ranges 

— Commercial: 0°C to +70°C 


PIN CONFIGURATION 


DIP Package 


PC is a trademark of Philips Corporation 


DESCRIPTION 


The Microchip Technology Inc. 24AA01 and 24AA02 
are 1K bit and 2K bit Electrically Erasable PROMs. 
The devices are organized as a single block of 128 x 
8 bit or 256 x 8 bit memory with a two wire serial 
interface. Low-voltage design permits operation down 
to 1.8 volts with standby and active currents of only 3 
uA and 1 mA, respectively. The 24AA01 and 24AA02 
also have page-write capability for up to 8 bytes of 
data. The 24AA01 and 24AA02 are available in the 
standard 8-pin DIP and 8-pin surface mount SOIC 
packages. 


BLOCK DIAGRAM 


HV GENERATOR 


MEMORY Le EEPROM 
CONTROL XDEC ARRAY 


PAGE LATCHES 
YDEC 
SENSE AMP 


R/W CONTROL 
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ELECTRICAL CHARACTERISTICS 


| | PIN FUNCTION TABLE 
Maximum Ratings* | 
0: ee nee Re eS en fies sonatas 7.0V 
All inputs and outputs w.r.t. Vss .....-0.6V to Vcc +1.0V | 
Storage temperature ou... -65°C to +150°C | Ground | 
Ambient temp. with power applied .....-65°C to +125°C Serial Address/Data I/O 
Soldering temperature of leads (10 seconds) ..+300°C Serial Clock 
ESD protection on all pins .................cceccceceeeeeees 24kV ; 

Write Protect Input 

“Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and . +1.8V to 5.5V Power Supply 
functional operation of the device at those or any other conditions above No Internal Connection 





those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS Vcc = +1.8V to +5.5V 
Commercial (C): Tamb= 0°C to +70°C 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmitt trigger inputs | Note 1 
Low level output voltage F IOL = 3.0 mA, Vcc = 1.8V 
Input leakage current 
Output leakage current 
Internal capacitance CINT Vcc = 5.0V (Note 1) 
(all inputs/outputs) | Tamb = 25°C, FCLK = 1 MHz 
Operating current Icc Write Vcc = 5.5V, SCL = 400 KHz 
Vec = 1.8V, SCL = 100 KHz 
Icc Read Vec = 5.5V, SCL = 400 KHz 
Vec = 1.8V, SCL = 100 KHz 


Standby current Vcc = 5.5 V, SDA = SCL = Vcc 
| Vcc = 3.0 V, SDA = SCL = Vcc 
Vec = 1.8 V, SDA = SCL = Vcc 





Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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praete Fn | woe | tin | as poner 


Clock frequency | Fok | o | 100 | 400 
Clock high time | Tuan | 4000 | — | 600 | — | 
| 300_| 

































Clock low time 4700 
SDA and SCL rise time | Tr | — | 
SDA and SCL fall time | ot | 300 


After this period the first 
clock pulse is generated 


= 
; 

START condition hold time pan on | 

START condition setup time ‘canes ae Ball 


Only relevant for repeated 
START condition 


Data input setup time 250 pons 


STOP condition setup time 
= [800 


Taur | 4700 =| 1300 _ 


Output valid from clock Note 1 


Bus free time Time the bus must be free 
before anew transmission 


can start 





—| 


Output fall time from ViH min to Tor 250 | 20+0.1] 250 
oeaae jai Note 2, CB < 100 pF 
Input filter spike suppression Tsp N/A N/A 
(SDA and SCL pins) 
i ea | twa | — | 1 | — | 1 | ms | Byte orrage mode 
Endurance — 100,000) — |100,000; — E/W_ | 1,000,000 typical 
Cycles 





Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 


Note 3: The combined TsP and Vhys specifications are due to new Schmitt trigger inputs which provide improved noise 
spike suppression. This eliminates the need for a Ti specification for standard operation. 
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FUNCTIONAL DESCRIPTION 


The 24AA01/02 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA01/02 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 

- Datatransfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 

defined (see Figure 1): 


Bus not B A 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D 


_ The state of the data line represents valid data when, 


after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data ina first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24AA01/02 does not generate any ac- 
knowledge bits if an internal programming 
cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 


Slave Address 


The 24AA01/02 are software-compatible with older 
devices such as 24CO1A, 24C02A, 24LC01, and 
24LC02. Asingle 24AA02 can be used in place of two 
24LC01's, for example, without any modifications to 
software. The "chip select" portion of the control byte 
becomes a don't care. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit 
device code (1010) for the 24AA01/02, followed by 
three don't care bits. 


The eighth bit of slave address determines if the 
master device wants to read or write to the 24AA01/ 
02 (see Figure 2). 


The 24AA01/02 monitors the bus for its correspond- 
ing slave address all the time. It generates an 
acknowledge bit if the slave address was true and it 
is not in a programming mode. 


ControlCode_| ChipSetect | R/W_ 
















Read 1010 XXX 1 
Write 1010 XXX 0 


FIGURE 2 - CONTROL BYTE ALLOCATION 
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FIGURE 3 - BYTE WRITE 
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WRITE OPERATION 
Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA01/02. After receiving another ac- 
knowledge signal from the 24AA01/02 the master de- 
vice will transmit the data word to be written into the 
addressed memory location. The 24AA01/02 acknowl- 
edges again and the master generates a stop condition. 
This initiates the internal write cycle, and during this time 
the 24AA01/02 will not generate acknowledge signals 
(see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA01/02 in the same way 
as in a byte write. But instead of generating a stop 
condition the master transmits up to eight data bytes to 
the 24AA01/02 which are temporarily stored in the on- 
chip page buffer and willbe written into the memory after 
the master has transmitted a stop condition. After the 
receipt of each word, the three lower order address 
pointer bits are intemally incremented by one. The 
higher order five bits of the word address remains 
constant. If the master should transmit more than eight 
words priorto generating the stop condition, the address 
counter will rollover and the previously received data will 
be overwritten. As with the byte write operation, once 
the stop condition is received an intemal write cycle will 
begin (see Figure 5). 


WORD 
ADDRESS 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). Ifthe device is still busy with 
the write cycle, then no ACK willbe retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 
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FIGURE 5 - PAGE WRITE 
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WRITE PROTECTION 


The 24AA01/02 can be used as a Serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24AA01/02 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n+ 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA01/02 issues an 
acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AA01/02 discontinues 
transmission (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24AA01/02 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA01/02 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA01/02 
discontinues transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24AA01/02 transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA01/02 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24AA01/02 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise Protection 


The 24AA01/02 employs a Vcc threshold detector 
circuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE 8 - SEQUENTIAL READ 
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PIN DESCRIPTIONS 
SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1K for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


L Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


If tied to Vss, normal memory operation is enabled (read/ 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA01/02 asa 
serial ROM when WP is enabled (tied to Vcc). 


AO, Ai, A2 


These pins are not used by the 24AA01/02. They may 
be left floating or tied to either Vss or Vcc. 


A A 


Cc C C 
K’ K K 
en ee ee el i ee atl “ere Ee 


eee Ean 


BUS ACTIVITY: DATA n DATAn +1 DATAn+2 DATAn+X 
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NOTES 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices below or contact corporate headquarters for the representative or distributor in your area. 


PART NUMBERS 


PACKAGE: ‘ PLASTIC DIP 


PLASTIC SOIC (150 mii Body), 8-Lead 


8- 
PLASTIC SOIC 007 mil Body 8-Lead 


TEMPERATURE 0° C to +70°C 
RANGE: 


DEVICE: 24AA01 K CMOS Serial EEPROM 
24AA01T K CMOS Serial EEPROM (in Tape and Reel form) 
24AA02 K CMOS Serial EEPROM 
24AA02T K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 24 LCO4 B/ 08 B 


4K/8K 2.5V CMOS Serial EEPROMs 








FEATURES DESCRIPTION 
e Single supply with operation down to 2.5V The Microchip Technology Inc. 24LC04B/08B is a 4K- or 
e Low power CMOS technology 8K-bit Electrically Erasable PROM. The device is orga- 


nized as two or four blocks of 256 x8 bit memory witha 
two wire serial interface. Low voltage design permits 
operation down to 2.5 volts with standby and active 


— 1 mA active current typical 
— 10 uA standby current typical at 5.5V 


— 5 pA standby current typical at 3.0V currents of only 5 pA and 1 mA respectively. The 
e Organized as two or four blocks of 256 bytes 24LC04B/08B also has a page-write capability for up to 
(2 x 256 x 8) and (4 x 256 x 8) 16 bytes of data. The 24L.C04B/08B is available in the 
° Two wire serial interface bus, I2C™ compatible standard 8-pin DIP and both 8-lead and 14-lead surface 


mount SOIC packages. 


Schmitt trigger, filtered inputs for noise suppression 
Ouiput slope control to eliminate ground bounce 
100 KHz (2.5V) and 400 KHz (5V) compatibility BLOCK DIAGRAM 
e Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 


HV GENERATOR 


: MEMORY EEPROM ARRAY 
¢ Can be operated as a serial ROM CONTROL P| ie (2 x 256 x 8) or 
4X 256 X8 
¢ Factory programming (QTP) available LoGic ( ) 
PAGE LATCHES 


e ESD protection > 4,000V 

e 1,000,000 ERASE/WRITE cycles (typical) 

e Data retention > 40 years 

¢ 8-pin DIP, 8-lead or 14-lead SOIC packages 





e Available for extended temperature ranges SENSE AMP 
— Commercial: O0°C to +70°C ee 
— Industrial: -40°C to +85°C 

PIN CONFIGURATION 

DIP Package 8-SOIC Package 14-SOIC Package 





I2C is a trademark of Philips Corporation 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* | 
VCC. -cresssctwrase sbivesideuedahoveatadsavtarncuacelevesteruaumeuaeigss 7.0V 


All inputs and outputs w.r.t. Vss ... -0.3V to Vcc + 1.0V 
Storage temperature _..............c.00000 -65°C to +150°C 


Ambient temp. with power applied .....-65°C to +125°C 
Soldering temperature of leads (10 seconds) ..+300°C 
ESD protection on all pins ...............cccecccsssteeeees 2>4kV 


*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 


eo hh an 


i i ; : RBS cn teen Bae eek Nt Od 
implied. Exnosure to maximum rating conditions for extenaea periods 


may affect device reliability. 


DC CHARACTERISTICS 


WP, SCL and SDA pins: 
High level input voitage 


Low level input voltage 
Hysteresis of Schmitt trigger inputs 


Low level output voltage 


Operating current Icc WRITE 
Icc READ 


Standby current 





| PIN FUNCTION TABLE | 


Vss 

















Ground 
















SDA Serial Address/Data I/O 
SCL Serial Clock 
WP Write Protect Input 
Vcc +2.5V to 5.5V Power Supply 





AO, A1, A2 No Internal Connection 


Vcc = +2.5V to +5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (lI): Tamb = -40°C to +85°C 


Vcc = 5.5V 
SCL = 400 KHz 


Vcc =3.0V 
SDA = SCL = Vcc 
Vec=5.5V 
SDA = SCL = Vcc 


Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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24LC04B/08B 


: See Vec = 4.5-5.5V 
AC CHARACTERISTICS : See FAST MODE 
Parameter 


After this period the first 
clock pulse is generated 
Only relevant for repeated 
START condition 


Time the bus must be free 
before anew transmission 
can start 


Note 2, CB < 100 pF 


Byte or Page mode 


E/W | 1,000,000 typical 
Cycles 


Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. Cs = total capacitance of one bus line in pF. 


Note 3: The combined Tsp and VuyYs specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a T! specification for standard operation. 


SU:DAT t SU: J 





BUS TIMING DATA 


t BUF 


at XO KD aoe 
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FUNCTIONAL DESCRIPTION 


The 24L.C04B/08B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC04B/08B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


TIME 
BUS CHARACTERISTICS 


The following bus protocol has been defined: 

- Datatransfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 


line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. . 


Each data transfer is initiated with a START condition 


and terminated with a STOP condition. The number of 


the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data ina first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24LCO4B/08B does not generate any 
acknowledge bits if an internal program- 
-ming cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


START CONDITION 


ADDRESS 
OR 
ACKNOWLEDGE 
VALID 
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BUS CHARACTERISTICS WRITE OPERATION 
Device Addressing an ration Byte Write 


Acontrol byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24LC04B/08B 
this is set as 1010 binary for read and write operations. 
The nextthree bits of the control byte are the block select 
bits (B2,B1, BO). B2is adon'tcare for both the 24LC04B 
and 24LCO8B; B1 is adon'tcare for the 24LC04B. They 
are used by the master device to select which of the two 
or four 256 word blocks of memory are to be accessed. 
These bits are in effect the most significant bits of the 
word address. 


The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24LC04B/08B moni- 
tors the SDA bus checking the device type identifier 
being transmitted, upon a 1010 code the slave device 
outputs an acknowledge signal on the SDA line. De- 
pending on the state of the R/W bit, the 24LC04B/08B 
will select a read or write operation. 


Control Code Block Select 


Read 


1010 Block Address 
Write 1010 Block Address 





1 


















FIGURE 2 - CONTROL BYTE ALLOCATION 


START READ/WRITE 


a 


[7 stave aodaess "ral a 
\ 
\ 
\ 


/ 
/ 


Ba ROE SSCS 


X = Don't care. B1 is don't care for 24LC04B. 


/ 
1 


FIGURE 3 - BYTE WRITE 





Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LCO4B/08B. After receiving another 
acknowledge signal from the 24LC04B/08B the master 
device will transmit the data word to be written into the 
addressed memory location. The 24LC04B/08B ac- 
knowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC04B/08B will not generate 
acknowledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC04B/08B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24LC04B/08B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are intemally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over andthe previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 





BUS ACTIVITY: 


CONTROL WORD 
MASTER BYTE 


ADDRESS 


EE ssa an ee en ee eee 


Sos ue ecleere eee tec ie tee 
A 


BUS ACTIVITY: 


4D>HdMn 


A 
C 
K 
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ACKNOWLEDGE POLLING | 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). Ifthe device is still busy with 
the write cycle, then no ACK will be retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Control Byte 
with R/W =0 


Did Device 
Acknowledge 
(ACK = 0)? 


Yes 
Next 
Operation 





FIGURE 5 - PAGE WRITE 
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WRITE PROTECTION 


The 24LC04B/08B can be used as a serial ROM when 
the WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24LC04B/08B contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. Upon receipt of the slave 
address with R/W bit set to one, the 24LC04B/08B 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC04B/08B 
discontinues transmission (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24L.C04B/08B as part of a write operation. After the 
word address is sent, the master generates a start 
condition following the acknowledge. This terminates 
the write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the R/W bit set to a one. The 24LC04B/ 
O8B will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC04B/08B discontinues transmission (see Figure 
7). 


DATAn+ 15 


ag, 


VOAM 


AQ> 
KODP 
AQ 
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FIGURE 6 - CURRENT ADDRESS READ 


BUS ACTIVITY: 
MASTER 


CONTROL 
BYTE 


ADrAaM 


SDA LINE 


BUS ACTIVITY: 





FIGURE 7 - RANDOM READ 
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BUS ACTIVITY: 
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Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC04B/08B trans- 
mits the first data byte, the master issues an acknowl- 
edge as opposed to a stop condition in a random read. 
This directs the 24LC04B/08B to transmit the next 
sequentially addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24LC04B/08B contains 
an internal address pointer which is incremented by one 
at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


Noise Protection 


The 24LCO4B/08B employs a Vcc threshold detector 
circuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE 8 - SEQUENTIAL READ 


e 


ae ACTIVITY: re 
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BUS ACTIVITY: DATA n 
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PIN DESCRIPTIONS 
DA Serial A 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


L Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


/Data In tout 


if tied to Vss, normal memory operation is enabled (read/ 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC04B/08B as 
a serial ROM when WP is enabled (tied to Vcc). 


AQ, Ai, A2 


These pins are not used by the 24LC04B/08B. They 
may be left floating or tied to either Vss or Vcc. 


a 5 


DATAN+2 DATAN+X 
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NOTES 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 
24LC04B -/P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC poe mil ey 8-Lead 
PLASTIC SOIC (207 mil Body), 8-Lead 


TEMPERATURE 0°C to +70°C 
RANGE: | -40°C to +85°C 


DEVICE: 24LC04B 4K CMOS Serial EEPROM 
24LCO4BT 4K CMOS Serial EEPROM (in Tape and Reel Form) 

24LC08B 8K CMOS Serial EEPROM 
24LCO8BT 8K CMOS Serial EEPROM (in Tape and Reel Form) 
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NAICROCHIP 


24AA04/08 





4K/8K 1.8V CMOS Serial EEPROMs 





FEATURES 


Single supply with operation down to 1.8V 

Low power CMOS technology 

— 1mA active current typical 

— 10 A standby current typical at 5.5V 

— 3yA standby current typical at 1.8V 
Organized as 2 or 4 blocks of 256 bytes 

(2 x 256 x 8) or (4 x 256 x 8) 

Two wire serial interface bus, I7?C™ compatible 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz (1.8V) and 400 KHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 

e Hardware write protect for entire memory 

e Can be operated as a serial ROM 

e Factory programming (QTP) available 

e ESD protection > 4,000V 

1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

¢ 8-pin DIP, 8-lead or 14-lead SOIC packages 
Available for extended temperature ranges 

— Commercial: 0O°C to + 70°C 


PIN CONFIGURATION 


DIP Package 


l?C is a trademark of Philips Corporation 





8-SOIC Package 





DESCRIPTION 


The Microchip Technology Inc. 24AA04/08 is a 4K bit or 
8K bit Electrically Erasable PROM. The device is 
organized as 2 or 4 blocks of 256 x 8 bit memory with a 
two wire serial interface. Low voltage design permits 
operation down to 1.8 volts with standby and active 
currents of only 3 WA and 1 mA respectively. The 
24AA04/08 also has a page-write capability for up to 16 
bytes of data. The 24AA04/08 is available in the stan- 
dard 8-pin DIP and both 8-lead and 14-lead surface 
mount SOIC packages. 


BLOCK DIAGRAM 


HV GENERATOR 


MEMORY fs EEPROM 
CONTROL ARRAY 
LOGIC XDEC 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


14-SOIC Package 
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ELECTRICAL CHARACTERISTICS 





PIN FUNCTION TABLE _ oe 
Maximum Ratings* a 
MGC dcet lesinsiclchanlers us teasttaceaneniieni mel miericadeatiatds 7.0V 
All inputs and outputs w.r.t. VSs .....-0.6V to Vcc +1.0V G d 
Storage temperature ......ssesecsseeeeseee -65°C to +150°C | acl 
Ambient temp. with power applied .....-65°C to +125°C Serial Address/Data I/O 
Soldering temperature of leads (10 seconds) ..+300°C Serial Clock 
ESD protection on all pins...................ceseeseeseees 2>4kV ., 
) | Write Protect Input 
“Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and +1.8V to 5.5V Power Supply 
functional operation of the device at those or any other conditions above No Internal Connection 


those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. - 


DC CHARACTERISTICS 7 Voc = +1.8V to +5.5V | 
| — Commercial (C): Tamb= 0°C to +70°C 





Conditions 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage | 
Hysteresis of Schmitt trigger inputs 


Low level output voltage 


Input leakage current I 


Output leakage current ILO 


Internal capacitance CINT Vcc = 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C, FcLK= 1 MHz 


Operating current Icc WRITE Vec = 5.5V, SCL = 400 KHz 
Vec = 1.8V, SCL = 100 KHz 

icc READ Vec = 5.5V, SCL = 400 KHz 

Vcc = 1.8V, SCL = 100 KHz 


Standby current Vcc = 5.5V, SDA=SCL=Vcc 
Vcc = 3.0V, SDA=SCL=Vcc 
Vcc = 1.8V, SDA=SCL=Vcc 


Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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STANDARD | Vcc = 4.5-5.5V 
AC CHARACTERISTICS SAG MOGE 
Symbol 


Parameter | Min | Max | Min | Max_ 


Clock low time 
SDA and SCL tise time | TR | — 
SDA and SCL fall time = eee 300 


START condition hold time 
START condition setup time 


Data input hold time | THopaT | 0 


After this period the first 
clock pulse is generated 
Only relevant for repeated 
START condition 


Note 1 ig 


Data input setup time TSU:DAT 


STOP condition setup time 
Output valid from clock Lee ee 


Bus free time TBUF 4700 aw 


Output fall time from ViH min Tor 250 
to ViL max 


input filter spike suppression Tsp N/A N/A 
(SDA and SCL pins) 


Time the bus must be free 
before anew transmission 
can start 


Note 2, CB < 100 pF 


Byte or Page mode | 


E/W | 1,000,000 typical 
Cycles 


Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 


aks 
N 





— 
© 


Note 3: The combined Tsp and VHYs specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 
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BUS TIMING DATA 
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FUNCTIONAL DESCRIPTION 


The 24AA04/08 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA04/08 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


Ril IS Li ABACTERISTICS 
iw Fw 


Wirt iris I held U 


The following bus protocol has been defined: 

- Datatransfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 

defined (see Figure 1): 


Bus not Busy (A 
Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24AA04/08 does not generate any ac- 
knowledge bits if an internal programming 
cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS WRITE OPERATION 
Device Addressing an ration Byte Write 


A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, forthe 24AA04/08 this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(B2, B1, BO). B2 is adon't care for both the 24AA04 and 
24AA08; B1 is a don't care for the 24AA04. They are 
used by the master device to select which of the two or 
four 256 word blocks of memory are to be accessed. 
These bits are in effect the most significant bits of the 
word address. 


The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24AA04/08 monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24AA04/08 will select a read 
or write operation. 


Control Code Block Select 


Read 


1010 Block Address 
Write 1010 Block Address 





1 
























FIGURE 2 - CONTROL BYTE ALLOCATION 
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FIGURE 3 - BYTE WRITE 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA04/08. After receiving another ac- 
knowledge signal from the 24AA04/08 the master de- 
vice will transmit the data word to be written into the 
addressed memory location. The 24AA04/08 acknowl- 
edges again and the master generates a stop condition. 
This initiates the internal write cycle, and during this time 
the 24AA04/08 will not generate acknowledge signals 
(see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA04/08 in the same way 
as in a byte write. But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24AA04/08 which are temporarily stored in the on- 
chip page buffer and willbe written into the memory after 
the master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are intemally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will roll overandthe previously received 
data willbe overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). Ifthe device is still busy with 
the write cycle, then no ACK will be retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 


mactar ran than nrncaad with tha navt raad ar writa 
Ue Nae WAL b8 ORs | wwe A wwe CEU SIAL FT WANS OWE VVC Cus 


command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 
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WRITE PROTECTION 


The 24AA04/08 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24AA04/08 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA04/08 issues an 
acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AA04/08 discontinues 
transmission (see Figure 6). | 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24AA04/08 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set toa one. The 24AA04/08 will then 
issue an acknowledge and transmits the eight bit data 





aaneulciee word. The master will not acknowledge the transfer but 
(ACK = 0)? does generate a stop condition and the 24AA04/08 
discontinues transmission (See Figure 7). 
Yes 
Next 
Operation 
FIGURE 5 - PAGE WRITE 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24AA04/08 transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA04/08 to transmit the next sauce 
addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24AA04/08 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise Protection 


The 24AA04/08 employs a Vcc threshold detector cir- 
cuit which disables the intemal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE 8 - SEQUENTIAL READ 


. 
BUS ACTIVITY: ss 
MASTER 


PIN DESCRIPTIONS 
DA Serial Addr Data In tout 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


rial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


If tied to VSS, normal memory operation is enabled (read/ 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA04/08 as a 
serial ROM when WP is enabled (tied to Vcc). 


AO, Ai, A2 


These pins are not used by the 24AA04/08. They may 
be left floating or tied to either Vss or Vcc. 


- a 


~~ 


BUS ACTIVITY: DATA n 


DATA n+1 





PANGS DATARGX 





DS21053B-page 8 


Preliminary 


© 1994 Microchip Technology Inc. 


24AA04/08 


NOTES 








© 1994 Microchip Technology Inc. Prelimina ry DS21053B-page 9 
5-51 


24AA04/08 





SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 
24AA04 -/P 





PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC (150 mil Body), 8-Lead 
PLASTIC SOIC (207 mil Body), 8-Lead 


TEMPERATURE 0°C to +70°C 
RANGE: 


DEVICE: 24AA04 4K CMOS Serial EEPROM 
24AA04T 4K CMOS Serial EEPROM (in Tape and Reel Form) 

24AA08 , 8K CMOS Serial EEPROM 
24AA08T , 8K CMOS Serial EEPROM (in Tape and Reel Form) 
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24LC16B 





16K 2.5V CMOS Serial EEPROM 





FEATURES 


Single supply with operation down to 2.5V 

Low power CMOS technology 

— 1mA active current typical 

— 10,A standby current typical at 5.5V 

— 5A standby current typical at 3.0V 
Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
Two wire serial interface bus, I?C™ compatible 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz (2.5V) and 400 KHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

¢ 2 ms typical write cycle time for page-write 

e Hardware write protect for entire memory 

¢ Can be operated as a serial ROM 

e Factory programming (QTP) available 

ESD protection > 4,000V 

1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

¢ 8 pin DIP, 8-lead or 14-lead SOIC packages 
Available for extended temperature ranges 

— Commercial: O°C to + 70°C 

— Industrial: -40°C to +85°C 


PIN CONFIGURATION 


DIP Package 


l?C is a trademark of Philips Corporation 
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8-SOIC Package 





DESCRIPTION 


The Microchip Technology Inc. 24LC16B is a 16K bit 
Electrically Erasable PROM. The device is organized 
as 8 blocks of 256 x 8 bit memory with atwo wire serial 
interface. Low voltage design permits operation 
down to 2.5 volts with standby and active currents of 
only 5 pA and 1 mA respectively. The 24LC16B also 
has a page-write capability for up to 16 bytes of data. 
The 24LC16B is available in the standard 8-pin DIP 
and both 8-lead and 14-lead surface mount SOIC 
packages. 


BLOCK DIAGRAM 


HV GENERATOR 


MEMORY a EEPROM ARRAY 
XDEC (8 x 256 x 8) 


PAGE LATCHES 


CONTROL 
LOGIC 


SENSE AMP 
R/W CONTROL 


14-SOIC Package 
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ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 


Maximum Ratinas* | 
MOO Bassas Natasa rewee usd aan ta uw lldebeatedtecten eetaeeacee 7.0V 


All inputs and outputs w.r.t. Vss .....-0.3V to Vcc +1.0V 





Storage temperature .....essesssecsssees -65°C to +150°C | Ground 
Ambient temp. with power applied .....-65°C to +125°C Serial Address/Data I/O 
Soldering temperature of leads (10 seconds) .. +300°C Serial Clock 
ESD protection on all pins ..................:cccssecceeees >4kV 
WP Write Protect Input 
“Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and Vec +2.5V to 5.5V Power Supply 
functional operation of the device at those or any other conditions above AO, A1, A2 No Internal Connection 


those indicated in the operational listings of this specification is not 


Semen meen nae BS ee nm coe Bc ma oll nom coll en an no om all 


implied. Exposure to MaximuM raui WJ con 1ditiOi nis for Sxici uc" PC iOUsS 
may affect device reliability. 


DC CHARACTERISTICS Voc = +2.5V to +5.5V 
Commercial (C): Tamb= O0°C to +70°C 


Industrial (I): Tamb = -40°C to +85°C 


Symicl| win [we [nts [condos 


[WP.SCLandSDApins: sd SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmitt trigger inputs ; Note 1 


Low level output voltage: loL = 3.0 mA, Vcc = 2.5V 


Input leakage current CHT ce ork VIN = .1V to Vcc 
Output leakage current aati | Vour=1VtoVec = .1V to Voc 


Internal capacitance CINT Vcc = 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C, FCLK = 1 MHz 


Operating current Vec =5.5V 
SCL = 400 KHz 


Standby current Vcc = 3.0V 
SDA = SCL = Vcc 
Vcc = 5.5V 
SDA = SCL = Vcc 





Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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AC CHARACTERISTICS he ee ee 


Clock frequency 
Ck high [ac [om | = 
Clock low time 


~ SDA and SCL rise time 


SDA and SCL fall time ra 

START condition hold time THD:STA | 4000 After this period the first 
clock pulse is generated 

START condition setup time | TSU:sTA | 4700 Only relevant for repeated 
“START condition 


Data input hold time | THopaT | 0 | 
Data input setup time ie 


STOP condition setup time 
Output valid from clock ane 3500 


Bus free time TBUF 4700 Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min Note 2, CB < 100 pF 
to ViL max 

Input filter spike suppression 

(SDA and SCL pins 


Write cycle time 


Parameter 


Endurance 





Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. Cs = total capacitance of one bus line in pF. 


Note 3: The combined TsP and VHYs specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a TI specification for standard operation. 


SU:DAT t cy-sto-> IF 


BUS TIMING DATA 


— t aur 


out XXX XX XX 
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FUNCTIONAL DESCRIPTION 


The 24LC16B supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC16B works 
as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 

Data transfer may be initiated only when the bus is not 
busy. 

During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. | 
Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 


duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. | 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixieen wiii be siored when doing a write operation. 
When an overwrite does occur it will replace data ina first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24LC16B does not generate any acknowl- 
edge bits if an internal programming cycle is 
in progress. 


The device that acknowledges, has to pulldown the SDA 


line during the acknowledge clock pulse in such a way 


that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC16B) will leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS WRITE OPERATION 
Device Addressing an ration Byte Write 


Acontrol byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24LC16B this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(B2, B1, BO). They are used by the master device to 
select which of the eight 256 word blocks of memory are 
to be accessed. These bits are in effect the three most 
significant bits of the word address. It should be noted 
that the protocol limits the size of the memory to eight 
blocks of 256 words, therefore the protocol can support 
only one 24LC16B per system. 


The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24LC16B monitors the 
SDA bus checking the device type identifier being trans- 
mitted, upon a 1010 code the slave device outputs an 
‘acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24LC16B will select a read or 


write operation. 
Block Select 


Control Code 


Read 


1010 Block Address 
Write 1010 Block Address 




















FIGURE 2 - CONTROL BYTE ALLOCATION 
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‘FIGURE 3 - BYTE WRITE 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC16B. After receiving another ac- 
knowledge signal from the 24LC16B the master device 
will transmit the data word to be written into the ad- 
dressed memory location. The 24LC16B acknowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time the 
24LC16B will not generate acknowledge signals (see 
Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC16B in the same way as 
in abyte write. But instead of generating a stop condition 
the master transmits up to sixteen data bytes to the 
24LC16B which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are intemally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter willrolloverandthe previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an intemal write cycle 
will begin (See Figure 5). 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). Ifthe device is still busy with 
the write cycle, then no ACK willbe returned. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 
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FIGURE 5 - PAGE WRITE 
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WRITE PROTECTION 


The 24LC16B can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


urr i Aaaress re. . of 

The 24LC16B contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24LC16B issues an acknowl- 
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24LC16B discontinues transmis- 
sion (see Figure 6). 


Random Read 


Random read operations allow the masterto access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC16B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC16B will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC16B dis- 
continues transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC16B transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC16B to transmit the next sequentially 
_ addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24LC16B contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise Protection 
The 24LC16B employs a Vcc threshold detector circuit 


which disables the internal erase/write logic if the Vcc is 
below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE 8 - SEQUENTIAL READ 
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PIN DESCRIPTIONS 
SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


L. Serial Clock 


et oe Bs eee i — an 


This input iS Used to syncnroniZe ine data iransier irom 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


if tied to VSs, normal memory operation is enabled (read/ 
write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC16B as a 
serial ROM when WP is enabled (tied to Vcc). 


AO, Ai, A2 


These pins are not used by the 24LC16B. They may be 
left floating or tied to either Vss or Vcc. 


A A 


agp ee 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 
24LC16B -/P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC i 50 mil Body), 8-Lead 


PLASTIC SOIC (207 mil Body), 8-Lead 


TEMPERATURE 0°C to +70°C 
RANGE: | -40°C to +85°C 


DEVICE: 24LC16B 16K CMOS Serial EEPROM 
24LC16BT 16K CMOS Serial EEPROM (in Tape and Reel Form) 
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MICROCHIP 24C08 B/ 1 6B 


8K/16K SV E-Temperature Serial EKEPROMs 








FEATURES DESCRIPTION 

e Single supply with operation from 4.5-5.5V The Microchip Technology Inc. 24C08B/16B is an 8K/ 

e Low power CMOS technology 16K bit Electrically Erasable PROM intended for use 
— 1mdAactive current typical in extended/automotive temperature ranges. The 
— 10 pA standby current typical at 5.5V device is organized as 4 or 8 blocks of 256 x 8 bit 

° Organized as 4 or 8 blocks of 256 bytes (4 x 256 x 8) memory with a two wire serial interface. The 24C08B/ 
or (8 x 256 x 8) 16B also has a page-write capability for up to 16 bytes 


of data. The 24C08B/16B is available in the standard 
8-pin DIP and both 8-lead and 14-lead surface mount 


Two wire serial interface bus, I?C compatible 


e Schmitt trigger, filtered inputs for noise suppression SOIC packages. 
e Output slope control to eliminate ground bounce 
¢ 100 KHz compatibility BLOCK DIAGRAM 


Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 


¢ 2 ms typical write cycle time for page-write 

e Hardware write protect for entire memory 

° 5 be operated as a serial ROM MEMORY 
actory programming (QTP) available CONTROL ARRAY 

¢ ESD protection > 4,000V LOGIC 

e 100K ERASE/WRITE cycles (typical) 


e Data retention > 40 years 

¢ 8 pin DIP, 8-lead or 14-lead SOIC packages 

e Available for extended temperature range 
— Automotive: -40°C to +125°C 


SENSE AMP 
R/W CONTROL 





PIN CONFIGURATION 


DIP Package 8-SOIC Package 14-SOIC Package 





I2C is a trademark of Philips Corporation 
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PIN FUNCTION TABLE 






ELECTRICAL CHARACTERISTICS 


Maximum Ratings* __ | 
MCG: otc estesttetasececte acters enpastae eee a ie te 1.0 









All inputs and outputs w.r.t. Vss .....-0.6V to Vcc +1.0V as 
Storage temperature .......ceseeeseeeee: -65°C to +150°C bie 









Ambient temp. with power applied .....-65°C to +125°C Serial Address/Data I/O 
Soldering temperature of leads (10 seconds) ..+300°C Serial Clock 
E i UL DINS y. ossasseveves ies vedeeseceeees 24kV 
SD protection on all pins Write Protect Input 
*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and +4.5V to 5.5V Power Supply 









functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
impiied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


AO, A1,A2 | No Internal Connection 


Vcoc = +4.5V to +5.5V 
DC CHARACTERISTICS Automotive (I): Tamb = -40°C to +125°C 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmitt trigger inputs 


Low level output voltage 


Input leakage current 
Output leakage current 


Internal capacitance Vcc = 5.0V (Note 1) 


(all inputs/outputs) Tamb = 25°C, Fcik = 1 MHz 
Operating current 
SCL = 400 KHz 


Standby current 
SDA = SCL = Vcc 





Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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AC CHARACTERISTICS 


Parameter 


Clock high time 
Clock low time 


SDA and SCL rise time 


SDA and SCL fall time ia ae 
START condition hold time 4000 
START condition setup time 4700 


Data input hold time 
Data input setup time 


STOP condition setup time 4000 


Output valid from clock 


Bus free time TBUF 4700 
Output fall time from ViH min to Tor 
ViL max 7 


Input filter spike suppression 
(SDA and SCL pins) 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


Time the bus must be free 
before a new transmission 
can start 


Note 2, Ca < 100 pF 
Write cycle time Byte or Page mode 


Endurance 
Cycles 


Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. Cs = total capacitance of one bus line in pF. 


Note 3: The combined Tsp and Vuys specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification. 





DUBDReecmee eee 


BUS TIMING DATA 


t HIGH _ 
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* SU:DAT t SU:STO“~ 
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FUNCTIONAL DESCRIPTION 


The 24C08B/16B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C08B/16B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


RUS CHARACTERISTICS 


ww wtirit is iw § bei 


The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 

defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D 


The state of the data line represents valid data when, 


_after a START condition, the data line is stable for the 


duration of the HIGH period of the clock signal. 
The data on the line must be changed during the LOW 


| period of the clock signal. There is one clock pulse per 


bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 


_Whenan overwrite does occur it will replace datain afirst 


in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C08B/16B does not generate any ac- 
knowledge bits if an internal programming 
cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C08B/16B) will leave the data line HIGH to 
enable the master to generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS WRITE OPERATION 
Device Addressing and Operation Byte Write 


Acontrol byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24C08B/16B 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the block select 
bits (B2, B1, BO). They are used by the master device 
to select which of the eight 256 word blocks of memory 
are to be accessed. These bits are in effect the three 
most significant bits of the word address. 


The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24C08B/16B monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24C08B/16B will select a 
read or write operation. 


Operation | Control Code Block Select RW 


Read 


1010 Block Address 
Write 1010 Block Address 





















—, 








FIGURE 2 - CONTROL BYTE ALLOCATION 
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FIGURE 3 - BYTE WRITE 


/ 
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Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24CO8B/16B. After receiving another 
acknowledge signal from the 24C08B/16B the master 
device will transmit the data word to be written into the 
addressed memory location. The 24C08B/16B ac- 
knowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24C08B/16B will not generate ac- 
knowledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C08B/16B in the same way 
as in a byte write. But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24C08B/16B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (See Figure 5). 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 
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FIGURE 5 - PAGE WRITE 
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WRITE PROTECTION 


The 24C08B/16B can be used as a Serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 


READ OPERATION - 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. : 


Current Address Read 


The 24C08B/16B contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. Upon receipt of the slave 
address with R/W bit set to one, the 24C08B/16B issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24C08B/16B discon- 
tinues transmission (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24C08B/16B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set toa one. The 24C08B/16B will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24C08B/16B 
discontinues transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24C08B/16B trans- 
mits the first data byte, the master issues an acknowl- 
edge as opposed to a stop condition in a random read. 
This directs the 24C08B/16B to transmit the next se- 
quentially addressed 8 bit word (See Figure 8). 


To provide sequential reads the 24C08B/16B contains 
an internal address pointer which is incremented by one 
at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


Noise Protection 


The 24C08B/16B employs a Vcc threshold detector 
circuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE 8 - SEQUENTIAL READ 
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PIN DESCRIPTIONS 
SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


CL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


If tied to VSs, normal memory operation is enabled (read/ 
write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24C08B/16B as 


a serial ROM when WP is enabled (tied to Vcc). 
AO,A1,A2 


These pins are not used by the 24C08B/16B. They may 
be left floating or tied to either Vss or Vcc. 


ss A 


DATAns2 DATAN+X 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 
24CXXB -/ P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body 14-Lead 
PLASTIC SOIC (150 mil Body), 8-Lead 


TEMPERATURE -40°C to +125°C 
RANGE: 


24C16B 16K CMOS Serial EEPROM 

24C16BT 16K CMOS Serial EEPROM (in Tape and Reel Form) 
24C08B 8K CMOS Serial EEPROM 

24CO8BT 8K CMOS Serial EEPROM (in Tape and Reel Form) 
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24AA16 





16K 1.8V CMOS Serial EEPROM 





FEATURES 


Single supply with operation down to 1.8V 

Low power CMOS technology 

— 1mA active current typical 

— 10 A standby current typical at 5.5V 

— 3A standby current typical at 1.8V 
Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
¢ Two wire serial interface bus, I?C™ compatible 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz (1.8V) and 400 KHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

¢ 2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

e Can be operated as a serial ROM 

Factory programming (QTP) available 

ESD protection > 4,000V 

1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

8 pin DIP, 8-lead or 14-lead SOIC packages 
Available for extended temperature ranges 

— Commercial: 0°C to +70°C 


PIN CONFIGURATION 


DIP Package 


I2C is a trademark of Philips Corporation 
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DESCRIPTION 


The Microchip Technology Inc. 24AA16 is a 1.8 volt 
16K bit Electrically Erasable PROM. The device is 
organized as 8 blocks of 256 x 8 bit memory with a two 
wire serial interface. Low voltage design permits 
operation down to 1.8 volts with standby and active 
currents of only 3 uA and 1 mA, respectively. The 
24AA16 also has a page-write capability for up to 16 
bytes of data. The 24AA16 is available in the stan- 
dard 8-pin DIP and both 8-lead and 14-lead surface 
mount SOIC packages. 


BLOCK DIAGRAM 


HV GENERATOR 


CONTROL 
LOGIC 


MEMORY & EEPROM ARRAY 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


14-SOIC Package 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 


Maximum Ratings* 


MOC «gas ctaccatoistars stecectgsvauseratasueseosesutieseserseowsiecniaee 7.0V 

All inputs and outputs w.r.t. VSS .....-0.6V to Voc +1.0V 

Storage temperature  ............ccceceeeee -65°C to +150°C | Ground 

Ambient temp. with power applied ..... -65°C to +125°C Serial Address/Data I/O 
Soldering temperature of leads (10 seconds) ..+300°C Serial Clock 

ESD protection on all Pins..............sscccccccccecessees 24kV 


WP Write Protect Input 
*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and Vec +1.8V to 5.5V Power Sup ply 
functional operation of the device at those or any other conditions above AO, A1, A2 No internal Connection 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 





DC CHARACTERISTICS Vcc = +1.8V to +5.5V 
Commercial (C): Tamb= 0°C to +70°C 


Parameter 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmitt trigger inputs 


Low level output voltage 


Input leakage current pA VIN = .1V to Vcc 
Output leakage current ILO VouT = .1V to Vcc 


pF Vcc = 5.0V (Note 1) 
Tamb = 25°C, FctK= 1 MHz 


Operating current Vcc = 5.5V, SCL = 400 KHz 
Vcc = 1.8V, SCL = 100 KHz 
Vcc = 5.5V, SCL = 400 KHz 
Vcc = 1.8V, SCL = 100 KHz 


Standby current Vcc = 5.5V, SDA=SCL=Vcc 
Vcc = 3.0V, SDA=SCL=Vcc 
Vcc = 1.8V, SDA=SCL=Vcc 





Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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AC CHARACTERISTICS bh cepa 
Parameter Remarks 


Clock frequency Ran 


SDA and SCL rise time 


START condition hold time THD:STA — After this period the first 
clock pulse is generated 

START condition setup time | Tsu:STA | 4700 Only relevant for repeated 
START condition 


Data input hold time 


STOP condition setup time 4000 
Output valid from clock ) TAA 


Bus free time _- baa Time the bus must be free 
before a new transmission 
can start 


Output fall time from ViH min Tor 
to ViL max Note 2, Ca < 100 pF 
Input filter spike suppression 
(SDA and SCL pins 
Write cycle time Byte or Page mode 


Endurance 1,000,000 typical 
oh es 


ne 





Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. Cs = total capacitance of one bus line in pF. 


Note 3: The combined Tsp and VuyYs specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 


BUS TIMING DATA 


ESU:DAT tgu.sto> 


St XXXXXXX_ 
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FUNCTIONAL DESCRIPTION 


The 24AA16 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 


onto the bus is defined as transmitter, and a device 


receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA16 works 
as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be mierprelee as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 

defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 


Acknowled e 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24AA16 does not generate any acknowl- 
edge bits if an internal programming cycle is 
in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 


Device Addressing and Operation 


Acontrol byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24AA16 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(B2, B1, BO). They are used by the master device to 
select which of the eight 256 word blocks of memory are 
to be accessed. These bits are in effect the three most 
significant bits of the word address. It should be noted 
that the protocol limits the size of the memory to eight 
blocks of 256 words, therefore the protocol can support 
only one 24AA16 per system. 


The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24AA16 monitors the 
SDA bus checking the device type identifier being trans- 
mitted, upon a 1010 code the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24AA16 will select a read or write 
operation. 


Control Code Block Select | RAW 


Block Address 1 
Block Address 


Read 1010 


Write 1010 





FIGURE 2 - CONTROL BYTE ALLOCATION 
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FIGURE 3 - BYTE WRITE 





WRITE OPERATION 
Byte Write 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA16. After receiving another acknowl- 
edge signal from the 24AA16 the master device will 
transmit the data word to be written into the addressed 
memory location. The 24AA16 acknowledges again 
and the master generates a stop condition. This initiates 
the internal write cycle, and during this time the 24AA16 
will not generate acknowledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA16 in the same way as 
inabyte write. But instead of generating astop condition 
the master transmits up to sixteen data bytes to the 
24AA16 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will rollover and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 
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WRITE PROTECTION 


The 24AA16 can be used as a serial ROM when the WP 
pin is connected to Vcc. Programming will be inhibited 
and the entire memory will be write-protected. 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24AA16 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA16 issues an acknowl- 
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24AA16 discontinues transmis- 
sion (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24AA16 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set toa one. The 24AA16 will then issue 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24AA16 discontinues 
transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24AA16 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA16 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24AA16 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise Protection 


The 24AA16 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc is 
below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE & - SEQUENTIAL READ 
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PIN DESCRIPTIONS 
SDA Serial Address/Data Input/Output | 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain | 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz) 
from 24LC04B/08B. | 


For normal data transfer SDA is allowed to change only © 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


CL Serial Clock 


This input is used to eyoenrenize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


If tied to Vss, normal memory operation is enabled (read/ 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA16 as a 
serial ROM when WP is enabled (tied to Vcc). 


AO, Ai, A2 


These pins are not used by the 24AA16. They may be 
left floating or tied to either Vss or Vcc. 


a A 


DATA) +2 DATAR4X 
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NOTES 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 
24AA16 -/P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC (150 mil Body), 8-Lead 


TEMPERATURE Blank 0°Cto+70°C 
RANGE: 


DEVICE: 24AA16 V, 16K CMOS Serial EEPROM 
24AA16T V, 16K CMOS Serial EEPROM (in Tape and Reel Form) 
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MICROCHIP 


24LC164 





16K 2.5V Cascadable CMOS Serial EEPROM 





FEATURES 


¢ Single supply with operation down to 2.5V 

Low power CMOS technology 

- 1mA active current typical 

- 5A standby current typical at 3.0V 
Functional device select lines AO, A1, A2 for up to 
eight devices on the same bus 

Two wire serial interface bus, I?C compatible 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz (2.5V) and 400 KHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write-protect for the entire memory 
Can be operated as serial ROM 

ESD protection > 4,000V 

1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

¢ 8 pin DIP, 8-lead SOIC packages 

Available for extended temperature ranges 

- Commercial: O0°C to + 70°C 

- Industrial: -40°C to + 85°C 


24LC164 PIN CONFIGURATION 


DIP Package 


I?C is a trademark of Philips Corporation 
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Advance Information 


DESCRIPTION 


The Microchip Technology Inc. 24LC164 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface. Low voltage design 
permits operation down to 2.5 volts with typical standby 
and active currents of only 5 uA and 1 mA respective- 
ly. The 24LC164 also has a page-write capability for 
up to 16 bytes of data. The 24LC164 is available in 
the standard 8-pin DIP and 8-lead surface mount 
SOIC packages. 


The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 


BLOCK DIAGRAM 


HV GENERATOR 


es EEPROM ARRAY 
XDEC (8 x 256 x 8) 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


8-SOIC Package 
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SALES AND SUPPORT 


To order or to obtain information, e. g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices BeIOw or contact corporate weaequaltels for the representative or distributor in your area. 


PART NUMBERS 


24LC164 - /P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 8-Lead 


~ TEMPERATURE Blank 0°C to +70°C 
RANGE: | -40°C to +85°C 


DEVICE: 24LC164 16K CMOS Serial EEPROM 
24LC164T 16K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 


24AA164 





16K 1.8V Cascadable CMOS Serial EEPROM 





FEATURES 


Single supply with operation down to 1.8V 

Low power CMOS technology 

- 1mA active current typical 

- 5pA standby current typical at 3.0V 

- 3 pA standby current typical at 1.8V 
Functional device select lines AO, A1, A2 for up to 
eight devices on the same bus 

Two wire serial interface bus, I?C compatible 
Schmitt trigger filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz and 400 KHz compatibility 

Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write-protect for the entire memory 

¢ Can be operated as a serial ROM 

ESD protection > 4,000V 

¢ 1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

e 8 pin DIP, 8-lead SOIC packages 

Available for extended temperature ranges 

- Commercial: O°C to + 70°C 


24AA164 PIN CONFIGURATION 


DIP Package 


l?C is a trademark of Philips Corporation 
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Acvanee Information 


DESCRIPTION 


The Microchip Technology Inc. 24AA164 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface. Low voltage design 
permits operation down to 1.8 volts with typical standby 
and active currents of only 3 uA and 1 mA respective- 
ly. The 24AA164 also has a page-write capability for 
up to 16 bytes of data. The 24AA164 is available in 
the standard 8-pin DIP and 8-lead surface mount 
SOIC packages. 


The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 


BLOCK DIAGRAM 


HV GENERATOR 


oe i EEPROM ARRAY 
aie XDEC (8 x 256 x 8) 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


8-SOIC Package 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 


PART NUMBERS 


24AA164 - /P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 8-Lead 


TEMPERATURE 0°C to +70°C 
RANGE: 


DEVICE: 24AA164 16K CMOS Serial EEPROM 
24AA164T 16K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 


24LC174 





16K 2.5V CMOS Serial EEPROM with OTP Security Page 





FEATURES 


Single supply with operation down to 2.5V 

Low power CMOS technology 

- 1mA active current typical 

- 5A standby current typical at 3.0V 
Functional device select lines AO, A1, A2 for up to 8 
devices on the same bus 

16 byte OTP security page 

Two wire serial interface bus 

Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz and 400 KHz compatibility 

Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write-protect for the entire memory 
Can be operated as a serial ROM 

ESD protection > 4,000V 

1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

8 pin DIP, 8-lead SOIC packages 

Available for extended temperature ranges 

- Commercial: O°C to + 70°C 

- Industrial: -40°C to + 85°C 


24LC174 PIN CONFIGURATION 


DIP Package 
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Advance Information 


DESCRIPTION 


The Microchip Technology Inc. 24LC174 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface and provides a spe- 
cially addressed, OTP (one-time programmable) 16 
byte security block. Low voltage design permits 
operation down to 2.5 volts with typical standby and 
active currents of only 5 yA and 1 mA respectively. 
The 24LC174 also has a page-write capability for up 
to 16 bytes of data. The 24LC174 is available in the 
standard 8-pin DIP and 8-lead surface mount SOIC 
packages. 


The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 


BLOCK DIAGRAM 


HV GENERATOR 


Pee EEPROM ARRAY 
XDEC (8 x 256 x 8) 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


8-SOIC Package 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the eats 
offices below or contact corporate headquarters for the representative or distributor in your area. : 


PART NUMBERS 


24LC174 - /P 


PACKAGE: Z PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 8-Lead 


TEMPERATURE 0° C to +70° C 
RANGE: -40° C to +85° C 


DEVICE: 24LC174 16K CMOS Serial EEPROM 
24LC174T 16K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 


24AA174 





16K 1.8V CMOS Serial EEPROM with OTP Security Page 





FEATURES 


Single supply with operation down to 1.8V 

Low power CMOS technology 

- 1mA active current typical 

- §pA standby current typical at 3.0V 
Functional device select lines AO, A1, A2 for up to 8 
devices on the same bus 

16 byte OTP security page 

e Two wire serial interface bus 

Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 KHz and 400 KHz compatibility 

Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write-protect for the entire memory 
Can be operated as a serial ROM 

ESD protection > 4,000V 

1,000,000 ERASE/WRITE cycles (typical) 

Data retention > 40 years 

8 pin DIP, 8-lead SOIC packages 

Available for extended temperature ranges 

- Commercial: O°C to + 70°C 


24AA174 PIN CONFIGURATION 


DIP Package 
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Acdvanee Information 


DESCRIPTION 


The Microchip Technology Inc. 24AA174 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface and provides 16 byte 
security block. Low voltage design permits operation 
down to 1.8 volts with typical standby and active 
currents of only 3 pA and 1 mA respectively. The 
24AA174 also has a page-write capability for up to 16 
bytes of data. The 24AA174 is available in the 
standard 8-pin DIP and 8-lead surface mount SOIC 
packages. 


The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 


BLOCK DIAGRAM 


HV GENERATOR 


ie EEPROM ARRAY 
XDEC (8 x 256 x 8) 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


8-SOIC Package 
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24AA174 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 


PART NUMBERS 


24AA174 - /P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 8-Lead 


TEMPERATURE 0°C to +70°C 
RANGE: 


DEVICE: | 24AA174 16K CMOS Serial EEPROM 
24AA174T 16K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 


24C32 





32K SV CMOS Serial EEPROM 





FEATURES 


Voltage operating range: 4.5V to 5.5V 
— Peak write current 3 mA at 5.5V 
— Maximum read current 150 pA at 5.5V 
— Standby current 5 pA typical 
industry standard two-wire bus protocol, I@C™ com- 
patible 
— Including 100 KHz and 400 KHz modes 
Self-timed write cycle (including auto-erase) 
Power on/off data protection circuitry 
Endurance: - 20K Erase/Write cycles typical (28K 
block) 
- 1 million E/W cycles typical (4K block) 
8 byte page, or byte modes available 
1 page x 8 line input cache (64 bytes) for fast write 
loads 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
2 ms typical write cycle time, byte or page 
Factory programming (QTP) available 
Up to 8 chips may be connected to the same bus for 
up to 256K bits total memory 
Electrostatic discharge protection > 4000V 
Data retention > 40 years 
8-pin PDIP/SOIC packages 
Temperature ranges: 
— Commercial: 0°C to +70°C 
— Industrial: -40°C to +85°C 


PIN CONFIGURATIONS 


PDIP Package 





DESCRIPTION 


The Microchip Technology Inc. 24C32 isa 4K x8 (32K 
bit) Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications or data acquisition. 
The 24C32 features an input cache for fast write loads 
with a capacity of eight 8-byte pages, or 64 bytes. It also 
features a fixed 4K-bit block of ultra-high endurance 
memory for data that changes frequently. The 24C32 is 
capable of both random and sequential reads up to the 
32K boundary. Functional address lines allow up to 8 - 
24C32 devices on the same bus, for up to 256K bits 
address space. Advanced CMOS technology makes 
this device ideal for low-power non-volatile code and 
data applications. The 24C32 is available in the 
standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package. 


BLOCK DIAGRAM 


HV Generator 


SOIC Package 





I2C is a trademark of Philips Corporation 
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24C32 





ELECTRICAL CHARACTERISTICS 


Maximum Rating s* 


[co AEE AL AER Mee em oED PER: 7.0V 
All inputs and outputs w.r.t. VSss .....-0.6V to Vcc +1.0V 
Storage temperature ..................02.. 65°C to +150°C 


Ambient temp. with power applied .... -65°C to +125°C © 


Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all pins .............-:sseseeeeseee 2 4 KV 


*Notice: Stresses above those listed under “Maximum Ratings” may 
cause permanent damage to the device. Thisis a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 





AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger 
inputs | 
Low level output voltage 


Input leakage current 
Output leakage current 


Internal capacitance 

(all inputs/outputs) 

Operating current Icc Write 
| Icc Read 


Standby current 


TABLE 1 - PIN FUNCTIONS 


User Configurable Chip Selects 


Ground 

Serial Address/Data I/O 
Serial Clock 

+4.5V to 5.5V Power Supply 
No Internal Connection 






Vcc = +4.5V to 5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


Conditions 


Note 1 


lol = 3.0 mA 
VIN = .1V to Vcc 
VouT = .1V to Vcc | 


Vcc = 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 


Vcc = 5.5V, SCL = 400 KHz 
Vcc = 5.5V, SCL = 400 KHz 


Vcc = 5.5V, SCL = SDA = Vcc 


Note 1: This parameter is periodically sampled and not 100% tested. 


FIGURE 1 - BUS TIMING START/STOP 





DS21061C-page 2 


© 1994 Microchip Technology Inc. 


| 24C32 


Remarks 












Vcc = 4.5-5.5V 
STD. MODE FAST MODE 
Parameter Pin | Max | min | Max. 

Clock frequency [Fox | o | 1001 0 | 

Clock high time | 600 | 

Clock low time 

SDA and SCL rise time | TR | 
TF 


AC CHARACTERISTICS 


























After this period the first 
clock pulse is generated 
Only relevant for repeated 
START condition 


Tees eee 
a 
SDA and SCL fall time | ote | — | 
Pe 
Note2 


START condition hold time 
START condition setup time 4700 


ill 
aa 
| 1000 
| 300 
Data input hold time he ld 
Data input setup time | Tsupat | 250 | — | 
STOP condition setup time | Tsusto | 4000 | — | 
Output valid from clock | Taa | — | 3500 


Bus free time TBUF | 4700 


Time the bus must be free 
before a new transmission 
can start 


Note 1, Cp < 100 pF 






Output fall time from ViH min 
to VIL max 


TOF 20 +0.1 
CB 


=f pete fel fe 
tr |= | * | =) 


Note 1: Not 100 percent tested. CB = total capacitance of one bus line in pF. 


Note 2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise and spike 
suppression. This eliminates the need for a TI specification for standard operation. 

Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache for total time. 


Input filter spike suppression 
(SDA and SCL pins 


Write cycle time 





FIGURE 2 - BUS TIMING DATA 


t 
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FUNCTIONAL DESCRIPTION 


The 24C32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C32 works as 
slave. Both master and slave can operate as transmitter 
or receiver but the master device determines which 
mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3). 


Bus not Busy (A) 
Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 


_after a START condition, the data line is stable for the 


duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. , 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 


Note: The 24C32 does not generate any acknowl- 
edge bits if an internal programming cycle is 
in progress. 


A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C32) will leave the data line HIGH to enable the 
master to generate the STOP condition. 


FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


START CONDITION ADDRESS 
O 


R 
ACKNOWLEDGE 
VALID 


DATA ALLOWED 
TO CHANGE 





Theat 


OOO) 


OOK RKRKNS 


wet 


STOP 
CONDITION 
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BUS CHARACTERISTICS 


Device Addressing and Operation (Figure 4A 


Operation | Control Code| Device Select 













Acontrol byte is the first byte received following the start 


1010 Device Address 
| Write | 1010 Device Address 
condition from the master device. The control byte 
consists of a four bit control code; for the 24C32 this is 


set as 1010 binary for read and write operations. The FIGURE 4A - CONTROL BYTE ALLOCATION 
next three bits of the control byte are the device select . 


bits (A2, A1, AO). They are used by the master device 


to select which of the eight devices are to be accessed. START READ/WRITE 
These bits are in effect the three most significant bits of FA \ 
the word address. The last bit of the control byte (R/W) 


defines the operation to be performed. When set to a | | Slaveappress [RW] A 
one a read operation is selected, and when set to a zero 

a write operation is selected. The next two bytes 
received define the address of the first data byte (see 
Figure 4B). Because only A11..A0 are used, the upper 
four address bits must be zeros. The most significant bit 
of the most significant byte of the address is transferred 
first. Following the start condition, the 24C32 monitors 
the SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24C32 will select a read or write 
operation. 








FIGURE 4B - ADDRESS SEQUENCE BIT ASSIGNMENTS 


Control Byte Address Byte 1 Address Byte 0 


AlAIAlany AJAIAIA A A 
Lo} folsltiomw — [ofololofrolste} — el+d+d-le belo 


Slave Device 
Address___ Select 
Bits 
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WRITE OPERATION 


Split Endurance 


The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 1 million E/W cycles typical. The remainder of 
the array, 28K bits, is rated at 20K E/W cycles typical. 
This feature is helpful in applications in which some data 
change frequently, while a majority of the data change 
infrequently. One example would be a cellular tele- 
phone in which last-number redial and microcontroller 
scratch pad require ahigh-endurance block, while speed 
dials and lookup tables change infrequently and so 
require only a standard endurance rating. 


Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 

R/W bit which is a logic low are clocked onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will follow 
after it has generated an acknowledge bit during the 
ninth clock cycle. Therefore the next byte transmitted by 
the master is the high-order byte of the word address and 
will be written into the address pointer of the 24C32. The 
next byte is the least significant address byte. After 
receiving another acknowledge signal from the 24C32 
the master device will transmit the data word to be 
written into the addressed memory location. The 24C32 


FIGURE 5 - BYTE WRITE 


acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24C32 will not generate acknowl- 
edge signals (see Figure 5). 


Page Write | 

The write control byte, word address and the first data 
byte are transmitted to the 24C32 in the same way as in 
a byte write. But instead of generating a stop condition, 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24C32. They will be 
written from cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap- 
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once a stop condition is received, an internal write 
cycle will begin. The 64-byte cache will continue to 


- capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 


Bus Activity: Word — 


Word 
Address (0) 


Master : Address (1) 


SDA Line olololo 


Bus Activity - 
K 





FIGURE 6 - PAGE WRITE (For cache WRITE, see Figure 10) 


Bus Activity: Control 
Master ; Byte 


1 


Word 
Address (0) Data n Data n+ 15 


Word 
Address (1) 


-—_— -—_\—_ 
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A A A 


Bus Activity 


A A 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 7 for flow diagram. 


FIGURE 7 - ACKNOWLEDGE POLLING FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 
(ACK = 0)? 


Yes 
Next 
Operation 


FIGURE 8 - CURRENT ADDRESS READ 





Bus Activity: Control 


Master Byte 


READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24C32 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read opera- 
tion would access data from addressn +1. Upon receipt 
of the slave address with R/W bit set to one, the 24C32 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24C32 discon- 
tinues transmission (see Figure 8). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24C32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the 
control byte again but with the R/W bit set toa one. The 
24C32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition which causes 
the 24C32 to discontinue transmission (See Figure 9). 


Bus Activity 
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Contiguous Addressing Across Multiple 
Devices 


The device select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 256K bits by 
adding up to eight 24C32's on the same bus. In this 
case, software can use A0 of the control byte as address 
bit A12, A1 as address bit A13, and A2 as address bit 
A14. 


Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24C32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C32 to transmit the next 
sequentially addressed 8 bit word. (See Figure 10). 
Following the final byte transmitted to the master, the 


master will NOT generate an acknowledge but will 
generate a stop condition. 


FIGURE 9 - RANDOM READ 


Bus Activity: Control 
Master ; Byte 


-—_\__, 


SDA Line olololo 


Word 
Address (1) 


Bus Activity : 
K 


FIGURE 10 - SEQUENTIAL READ 


Bus Activity: Control 
Master Byte 


SDA Line 


Bus Activity 


Word 
Address (0) Byte 





To provide sequential reads the 24C32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address O07FF to address 0000. It 
will roll from O7FF to unused memory space. 


Noise Protection 
The SCL and SDA inputs have filter circuits which 
suppress noise spikes to ensure proper device opera- 


tion even on a noisy bus. All I/O lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibility. 


Control | 


——~—| -~——— 
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PAGE CACHE AND ARRAY MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write commandiis initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
0 and existing bytes in the cache will be overwritten. 


he Wri in P Bound 


If awrite command begins at a page boundary (address 
bits A2, A1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad- 
dresses. This includes writing across a 4K block 
boundary. In the example shown below, (see Figure 11) 
a write command is initiated starting at byte O of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO are 
not all zero), it is important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page 0. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2, A1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
0 of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown below (see Figure 12), a write command has 


been initiated starting at byte 2 of page 3 in the array with 
a fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the cache 
will ‘roll over' and be loaded into the first two bytes of page 
0 (of the cache). When the stop bit is sent, page 0 of the 
cache is written to page 3 of the array. The remaining 
pages in the cache are then loaded sequentially to the 
array. A write cycle is executed after each page is 
written. If a partially loaded page in the cache remains 
when the STOP bit is sent, only the bytes that have been 
loaded will be written to the array. 


Power Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com- 
plete. This includes any error conditions, ie. not receiv- 
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates VoD 
monitor circuitry to prevent inadvertent writes (data 
corruption) during low-voltage conditions. The Vopd 
monitor circuitry is powered off when the device is in 
standby mode in order to further reduce power con- 
sumption. 


PIN DESCRIPTIONS 


AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24C32 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte (see 
Figure 4B). 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


L Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


er eT Dt EE AC A SI SSAA A tPA SCRE EC USEF AS AVE AR SSS RNP EP A SA NAR HARA EE SS RT OAT A TOT AS NET 
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FIGURE 11 - CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; . . : 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


cache page 0 
cache | cache cache | cache page 1 § cache page 2 cache page 7 
| byte 0 | byte 1 byte 7% bytes 8-15 bytes 16-23 bytes 56-63 


3) Write from cache into array initiated by STOP bit. . 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


(5) Last page in cache written to page 2 in next row. 





FIGURE 12 - CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(4) Write command initiated; 64 bytes of data @) Last 2 bytes loaded ‘roll over’ 


loaded into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into Y 
page 0 of cache. | cache | cache {| cache cache | cache page 1 | cache page 2 cache page 7 
byte 0 | byte 1 | byte 2 byte 7] bytes 8-15 bytes 16-23 bytes 56-63 | 


| (4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (5) Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


_N 
ara 


Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 


To order‘or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24032 - /P 


Package: Plastic DIP 
SM Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature Blank 0°C to +70°C 
Range: I -40°C to +85°C 


Device: 24C32 32K CMOS Serial EEPROM (100 KHz/400 KHz) 
24C32T 32K CMOS Serial EEPROM (in Tape and Reel Form) 
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MICROCHIP 


24LC32 





32K 2.5V CMOS Serial EEPROM 





FEATURES 


Voltage operating range: 2.5V to 6.0V 

— Peak write current 3 mA at 6.0V 

— Maximum read current 150 yA at 6.0V 

— Standby current 5 pA typical 

Industry standard two-wire bus protocol, l?0™ com- 
patible 

— Including 100 KHz (2.5V) and 400 KHz (5V) modes 


e Self-timed ERASE and WRITE cycles 
¢ Power on/off data protection circuitry 


Endurance: -20K Erase/Write cycles typical (28K 
block) 
- 1 million E/W cycles typical (4K block) 


e 8 byte page, or byte modes available 
¢ 1 page x 8 line input cache (64 bytes) for fast write 


loads 

Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 

2 ms typical write cycle time, byte or page 

Factory programming (QTP) available 

Up to 8 devices may be connected to the same bus for 
up to 256K bits total memory 

Electrostatic discharge protection > 4000V 

Data retention > 40 years 

8-pin PDIP/SOIC packages 

Temperature ranges: 

— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 


PIN CONFIGURATIONS 


PDIP Package 





DESCRIPTION 


The Microchip Technology Inc. 24LC32 isa 4K x8 (82K 
bit) Serial Electrically Erasable PROM capable of opera- 
tion across a broad voltage range (2.5V to 6.0V). This 
device has been developed for advanced, low power 
applications such as personal communications or data 
acquisition. The 24LC32 features an input cache for fast 
write loads with a capacity of eight 8-byte pages, or 64 
bytes. It also features a fixed 4K-bit block of ultra-high 
endurance memory for data that changes frequently. 
The 24LC32 is capable of both random and sequential 
reads up to the 32K boundary. Functional address lines 
allow up to 8 - 24LC32 devices on the same bus, for up 
to 256K bits address space. Advanced CMOS technol- 
ogy and broad voltage range make this device ideal for 
low-power/low voltage, nonvolatile code and data appli- 
cations. The 24LC32 is available in the standard 8-pin 
plastic DIP and 8-pin surface mount SOIC package. 


BLOCK DIAGRAM 


HV Generator 


vo 
Control XDEC L»| EEPROM ARRAY 
ae 


Sense AMP 
R/W Control 





I2C™ is a trademark of Philips Corporation 
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ELECTRICAL CHARACTERISTICS 


Ma ximum Ratings* 


NGG sscssthospsen cua ce techs atesstaias este are ae eee 7.0V 
All inputs and outputs w.r.t. Vss .....-0.6V to Voc +1.0V 
Storage temperature ..............ccseseeees -65°C to+150°C 


Ambient temp. with power applied .... -65°C to +125°C 
Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all pins ..................scsccsessenees 24kV 


“Notice: Stresses above those listed under “Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 


Parameter 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger 
inputs . 
Low level output voltage 

Output leakage current 

intemal capacitance 

(all inputs/outputs) 


Operating current 


Standby current 


TABLE 1 - PIN FUNCTIONS 


User Configurable Chip Selects 
Ground 


Serial Address/Data I/O 
Serial Clock © 

+2.5V to 6.0V Power Supply 
No Internal Connection _ 





Vcc = +2.5V to 6.0V . 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


} units | | Conditions 


VIN = .1V to Vcc 


VouT = .1V to Vcc 


V 

V 

V 

V 

pF Vcc = 5.0V (Note 1) 

Tamb = 25°C, Felk = 1 MHz 

mA 

pA 


a 
a 


Vcc = 6.0V, SCL = 400 KHz 
Vcc = 6.0V, SCL = 400 KHz 


Vcc =6.0V, SCL = SDA = Vcc 





Note 1: This parameter is periodically sampled and not 100% tested. 


FIGURE 1 - BUS TIMING START/STOP 
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Remarks 


Vcc = 2.5V-6.0V | Vcc = 4.5V-6.0V 


Parameter 


Clock frequency 


Clock high time 


Clock low time 
SDA and SCL rise time Ete | 


TR 
TF 
Tsu: 


SDA and SCL fall time 
START condition hold time THD:STA 


START condition setup time 4700 


Data input hold time | THoDAT | 0 
Data input setup time | Tsupat | 250 | 


STOP condition setup time 4000 


Output valid from clock | Ta | 


Bus free time TBUF | 4700 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


Time the bus must be free 
before a new transmission 
can start 


Note 1, Cs < 100 pF 


Note 1: Not 100 percent tested. CB = total capacitance of one bus line in pF. 


Note 2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise and spike 
suppression. This eliminates the need for a TI specification for standard operation. 

Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache for total time. 





Output fall time from ViIH min Tor 
to ViL max 


Input filter spike suppression 
(SDA and SCL pins) 





FIGURE 2 - BUS TIMING DATA 


84 “XXX KXKK 
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FUNCTIONAL DESCRIPTION 


The 24LC32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC32 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 

- Datatransfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. . 

Accordingly, the following bus conditions have been 

defined (See Figure 3). 


Bus not B A 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. Ail 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HiGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 


Note: The 24LC32 does not generate any acknowl- 
edge bits if an internal programming cycle is 
in progress. 


A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave . 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC32) will leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 
Device Addressing and ration (Fiqure 4A 


Acontrol byte is the first byte received following the start 


1010 Device Address 1 
1010 Device Address fo 
condition from the master device. The control byte 
consists of a four bit control code; for the 24LC32 this is 


set as 1010 binary for read and write operations. The FIGURE 4A - CONTROL BYTE ALLOCATION 
next three bits of the control byte are the device select 


bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. READ/WRITE 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When set to a one a read 
operation is selected, and when set to a zero a write 
operation is selected. The next two bytes received 
define the address of the first data byte (see Figure 4B). 
Because only A11...A0 are used, the upper four address’ 
bits must be zeros. The most significant bit of the most 
significant byte of the address is transferred first. Fol- 
lowing the start condition, the 24L.C32 monitors the SDA 
bus checking the device type identifier being transmit- 
ted. Upon receiving a 1010 code and appropriate device 
select bits, the slave device outputs an acknowledge 
signal on the SDA line. Depending on the state of the 
R/W bit, the 24L.C32 will select a read or write operation. 














Operation | Control Code| Device Select | RAW 











FIGURE 4B - ADDRESS SEQUENCE BIT ASSIGNMENTS 
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WRITE OPERATION 


Split Endurance 


The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 1 million E/W cycles typical. The remainder of 
the array, 28K bits, is rated at 20K E/W cycles typical. 
This feature is helpful in applications in which some data 
change frequently, while a majority of the data change 
infrequently. One example would be a cellular tele- 
phone in which last-number redial and microcontroller 
scratch pad require a high-endurance block, while speed 
dials and lookup tables change infrequently and so 
require only a standard endurance rating. 


Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 

RW bit which is a logic low are clocked onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will follow 
after it has generated an acknowledge bit during the 
ninth clock cycle. Therefore the next byte transmitted by 
the master is the high-order byte of the word address and 
will be written into the address pointer of the 24LC32. 
The next byte is the least significant address byte. After 
receiving another acknowledge signal from the 24LC32 
the master device will transmit the data word to be 
written into the addressed memory location. The 24LC32 


FIGURE 5 - BYTE WRITE 


t 
Bus Activity: a Control Wo 


Master Addres 


SDA Line 
Bus Activity 


acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC32 will not generate acknowl- 
edge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC32 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24LC32. They will be 
written from cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition, (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap- 
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once a stop condition is received, an internal write 
cycle will begin. The 64-byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 
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FIGURE 6 - PAGE WRITE (For cache WRITE, see Figure 11) 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 7 for flow diagram. 


FIGURE 7 - ACKNOWLEDGE POLLING FLOW 
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FIGURE 8 - CURRENT ADDRESS READ 
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READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24LC32 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read opera- 
tion would access data from address n+ 1. Upon receipt 
ofthe slave address with R/W bit set to one, the 24LC32 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC32 discon- 
tinues transmission (see Figure 8). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word_address to the 
24LC32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the 
control byte again but with the R/W bit set to aone. The 
24LC32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition which causes 
the 24LC32 to discontinue transmission (see Figure 9). 
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Contiguous Addressing Across Multiple 


Devices 


The device select bits A2, A1, AO. can be used to expand 
the contiguous address space for up to 256K bits by 
adding up to eight 24LC32's on the same bus. In this 
case, software can use AO of the control byte as address 
bit A12, A1 as address bit A13, and A2 as address bit 
A14. 


Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC32 to transmit the 
next sequentially addressed 8 bit word (see Figure 10). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will 
generate a stop condition. 


FIGURE 9 - RANDOM READ 
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To provide sequential reads the 24LC32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address 07FF to address 0000. It 
will roll from O7FF to unused memory space. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to ensure proper device opera- 
tion even on a noisy bus. All I/O lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibility. 
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FIGURE 10 - SEQUENTIAL READ 
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PAGE CACHE AND ARRAY MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even ifa 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will ‘wrap around’ to the beginning of cache page 
0 and existing bytes in the cache will be overwritten. 


he Wri artin P Boun 
If a write command begins at a page boundary (address 
bits A2, A1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad- 
dresses. This includes writing across a 4K block 
boundary. Inthe example shown below, (see Figure 11) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache Write Starting at a Non-Page 
_ Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO are 
notall zero), itis important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page 0. 
The byte within page O of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2, A1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
0 of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 


shown below (see Figure 12), a write command has 
been initiated starting at byte 2 of page 3 in the array with 
a fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the cache 
will ‘roll over' and be loaded into the first two bytes of page 
0 (of the cache). When the stop bit is sent, page 0 of the 
cache is written to page 3 of the array. The remaining 
pages in the cache are then loaded sequentially to the 
array. A write cycle is executed after each page is 
written. If a partially loaded page in the cache remains 
when the STOP bit is sent, only the bytes that have been 
loaded will be written to the array. 


Power Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a stop 
bit is received and all internal functions are complete. 
This includes any error conditions, ie. not receiving an 
acknowledge or stop condition per the two-wire bus 
specification. The device also incorporates VoD monitor 
Circuitry to prevent inadvertent writes (data corruption) 
during low-voltage conditions. The VDD monitor circuitry 
is powered off when the device is in standby mode in 
order to further reduce power consumption. 


PIN DESCRIPTIONS 


AO, Ai, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24LC32 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre- 
sponding bits (A2, A1, AO) in the control byte (see Figure 4B). 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resistor 
to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 


for indicating the START and STOP conditions. 
CL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 11 - CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; | 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


| ; ~ cache page 0 | | | 
cache | cache cache | cache page 1] cache page 2 cache page 7 
byte O | byte 1 byte 7} bytes 8-15 | bytes 16-23 bytes 56-63 


3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


(5) Last page in cache written to page 2 in next row. 





FIGURE 12 - CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(a) Write command initiated; 64 bytes of data @) Last 2 bytes loaded ‘roll over’ 


ca into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into 
page 0 of cache. | cache | cache a cache } cache page 1 J cache page 2 cache page 7 
byte 0 | byte 1 | byte 2 byte 7] bytes 8-15 | bytes 16-23 bytes 56-63 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


J array 

drown 
array 
row 


6) Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24LC32 - /P 


Package: Plastic DIP 
SM 


Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature Blank 0°C to +70°C 
Range: | -40°C to +85°C 


Device: 24LC32 32K CMOS Serial EEPROM (100 KHz/400 KHz) 
24LC32T 32K CMOS Serial EEPROM (in Tape and Reel Form) 
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64K 5V CMOS Smart Serial™ EEPROM 





FEATURES 


Voltage operating range: 4.5V to 5.5V 

— Peak write current 3 mA at 5.5V 

— Maximum read current 150 pA at 5.5V 

— Standby current 5 pA typical 

Industry standard two wire bus protocol, I@C™ com- 

patible 

— Including 400 KHz Mode 

Programmable block security options 

Programmable endurance options 

Schmitt trigger, filtered inputs for noise suppression 

Output slope control to eliminate ground bounce 

Self-timed ERASE (E) and WRITE (W) cycles 

Power on/off data protection circuitry 

Endurance: 1 million E/W for a 4K block (typical) 
10,000 E/W for a 60K block (typical) 

8 byte page, or byte modes available 

1 page x 8 line input cache for fast write loads 

Electrostatic discharge protection > 4000V 

Data retention > 40 years 

8-pin PDIP/SOIC packages 

Temperature ranges: 

— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

¢ 2 ms typical write cycle time, byte or page 

Up to 8 devices may be connected to the same bus for 

up to 512K bits total memory 


PIN CONFIGURATIONS 


PDIP Package 


I7C is a trademark of Philips Corporation 
Smart Serial is a trademark of Microchip Technology Inc. 





DESCRIPTION 


The Microchip Technology Inc. 24C65 is a "smart" 8K x 
8 Serial Electrically Erasable PROM (EEPROM). This 
device has been developed for advanced, low power 
applications such as personal communications, and 
provides the systems designer with flexibility through the 
use of many new user-programmable features. The 
24C65 offers a relocatable 4K bit block of ultra-high- 
endurance memory for data that changes frequently. 
The remainder of the array, or 60K bits, is rated at 10,000 
ERASE/WRITE (E/W) cycles typical. The 24C65 fea- 
tures an input cache for fast write loads with a capacity 
of eight pages, or 64 bytes. This device also features 
programmable security options for E/W protection of 
critical data and/or code of up to fifteen 4K blocks. 
Functional address lines allow the connection of up to 
eight 24C65's on the same bus for up to 512K bits 
contiguous EEPROM memory. Advanced CMOS tech- 
nology makes this device ideal for low-power nonvolatile 
code and data applications. The 24C65 is available in 
the standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package. 


BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


MOG ili icctaerennseanss resentation seisganida uel aniae 7.0V 
All inputs and outputs w.r.t. VSs .....-0.6V to Vcc +1.0V 
Storage temperature ...............ssceecees -65°C to+150°C 


Ambient temp. with power applied .... -65°C to +125°C 
Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all pins ..................ssesessessseees 24kV 


*Notice: Stresses above those listed under “Maximum Ratings” may 


cause permanent damage to the device. This is a stress rating only and. 


functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 


Parameter 


AO, A1, A2, SCL and SDA pins: 
High level input voitage 
Low level input voltage 
Hysteresis of Schmitt Trigger 
inputs 
Low level output voltage VOL 


Internal capacitance 
(all inputs/outputs) 
icc Write 


Operating current 


Standby current 





PIN FUNCTION TABLE 


User Configurable Chip Selects 
Ground 

Serial Address/Data I/O 

Serial Clock 

+4.5V to 5.5V Power Supply 

No Internal Connection 





Vcc = +4.5V to 5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


Vcc = 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 


Vcc = 5.5V, SCL = 400 KHz 
Vcc = 5.5V, SCL = 400 KHz 


Vcc = 5.5V, SCL = SDA = Vcc 


Note 1: This parameter is periodically sampled and not 100% tested. 


FIGURE 1 - BUS TIMING START/STOP 
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AC CHARACTERISTICS pened 
Parameter Hin | Max | Remarks 


Clock frequency FCLK Ra Law dew ad 


SDA and SCL rise time Lee ee 

START condition hold time THD:STA | 4000 After this period the first 
clock pulse is generated 
Only relevant for repeated 
START condition 


START condition setup time heer ae Nal 


Data input hold time | THooat | 0 | 
Data input setup time | Tsuvat | 250 | 
Time the bus must be free 


STOP condition setup time 4000 
before a new transmission 


Output valid from clock i TAA ee 3500 
can start 


Bus free time TBUF | 4700 | 


Output fall time from ViH min Tor 20 +0.1 
to ViL max Ca 
od id 


Write cycle time Twr aa 5 —_ 


Input filter spike suppression 
(SDA and SCL pins 


: 





Note 1: Not 100 percent tested. Cs = total capacitance of one bus line in pF. 

Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 3: The combined Tsp and VuHyYs specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 

Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache 
for total time. 


FIGURE 2 - BUS TIMING DATA 


out XXXXKXK 
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FUNCTIONAL DESCRIPTION 


The 24C65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C65 works as 
slave. Both master and slave can operate as transmitter 
or receiver but the master device determines which 
mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 

defined (See Figure 3). 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, | 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C65 does not generate any acknowl- 
edge bits if an internal programming cycle is 
in progress. 


A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 
Device Addressing and Operation (Figure 4) 


Acontrol byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24C65 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (R/W) 
defines the operation to be performed. When set to a 
one a read operation is selected, when set to a zero a 
write operation is selected. The next two bytes received 
define the address of the first data byte (see Figure 5). 
Because only A12..A0 are used, the upper three ad- 
dress bits must be zeros. The most significant bit of the 
most significant byte is transferred first. Following the 
start condition, the 24C65 monitors the SDA bus check- 
ing the device type identifier being transmitted. Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24C65) outputs an acknowledge 
signal on the SDA line. Depending upon the state of the 
R/W bit, the 24C65 will select a read or write operation. 


Control Code | Device Select 


R/W 
Read 1010 Device Address 1 
1010 Device Address Pe Oe 


FIGURE 4 - CONTROL BYTE ALLOCATION 
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WRITE OPERATION 
Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
R/W bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver (24C65) that a byte with a word address 
will follow after it has generated an acknowledge bit 
during the ninth clock cycle. Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24C65. The next byte is the least significant 
address byte. After receiving another acknowledge 
signal from the 24C65 the master device will transmit the 
data word to be written into the addressed memory 
location. The 24C65 acknowledges again and the 
master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24C65 will 
not generate acknowledge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C65 in the same way as in 
a byte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24C65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap- 
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin. The 64 byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 


Word 
Address (0) Data 
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FIGURE 6 - PAGE WRITE (For cache WRITE, see Figure 12) 
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FIGURE 7 - CURRENT ADDRESS READ 
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FIGURE 8 - RANDOM READ 
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FIGURE 9 - SEQUENTIAL READ 
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READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se- 
quential read. 


Current Address Read 


The 24C65 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either aread or write operation) was to address n (nis any 
legal address), the next current address read operation 
would access data from address n+ 1. Upon receipt of the 
slave address with R/W bit set to one, the 24C65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24C65 discontinues 
transmission (see Figure 7). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24C65 as 
part of a write operation (R/W bit set to 0). After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the R/W bit set to a one. The 24C65 will then issue an 
acknowledge and transmit the eight bit data word. The 
master will not acknowledge the transfer but does gener- 
ate a stop condition which causes the 24C65 to discon- 
tinue transmission (see Figure 8). 


Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24C65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used ina random read. This 
acknowledge directs the 24C65 to transmit the next 
sequentially addressed 8 bit word (see Figure 9). Follow- 
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 


To provide sequential reads the 24C65 contains an inter- 
nal address pointer which is incremented by one at the 
completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Contiguous Addressing Across Multiple 
Devices 


The device select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24C65's on the same bus. In this case, 
software can use A0 of the control byte as address bit A13, 
A1 as address bit A14, and A2 as address bit A15. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera- 
tion even on a noisy bus. All !/O lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil- 


ity. 
High Endurance Block 


The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance (see Figure 11). This block will be 
capable of one million erase/write cycles typical. 


Note: The High Endurance Block cannot be 
changed after the security option has been 
set. If the H.E. block is not programmed by 
the user, the default location is the highest 
block of memory. 


Security Options 


The 24C65 has a sophisticated mechanism for write- 
protecting portions of the array. This write protect 
function is programmable and allows the user to pro- 
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with O blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first ad- 
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging afterwards. 
The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. For example, if three blocks are to be 
protected, the third byte would be 10XX0011. After the 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 
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During anormal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound- 
ary, unprotected addresses will be written and protected 
addresses will not. 


Security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this option 
except the READ bit (bit 6) of the configuration byte is set 
to aone. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. The master 
must acknowledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se- 
quence. The upper four bits of both of these bytes will 
always be read as ‘1's. The lower four bits of the first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11). 


ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 10 for flow diagram. 





FIGURE 10 - ACKNOWLEDGE POLLING FLOW 
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PAGE CACHE AND ARRAY MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even ifa 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
0 and existing bytes in the cache will be overwritten. 


Cache Write Starting at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2, A1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad- 
dresses. This includes writing across a 4K block 
boundary. In the example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO are 
not all zero), it is important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page 0. 
The byte within page O of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2, A1, AQ) that were sent as part of the write 
command. If the write command does not start at byte 
0 of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown in Figure 13, a write command has been initiated 


starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will ‘roll 
over' and be loaded into the first two bytes of page 0 (of 
the cache). When the stop bit is sent, page 0 of the cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. Ifa 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 


Power Managemen 


The design incorporates a power standby mode when 
notin use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device also incorporates VpD monitor circuitry to pre- 
vent inadvertent writes (data corruption) during low- 
voitage conditions. The VoD monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption. 


PIN DESCRIPTIONS 


AO, A1, A2 Chi 


The AO..A2 inputs are used by the 24C65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre- 
sponding bits (A2, A1, AO) in the control byte (see 
Figures 4 and 11). 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


Address Inputs 
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FIGURE 11 - CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 12 - CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


cache page 0 


cache | cache cache | cache page 1 | cache page 2 cache page 7 
byte O | byte 1 byte 7} bytes 8-15 bytes 16-23 bytes 56-63 


G3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


6) Last page in cache written to page 2 in next row. 





FIGURE 13 - CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 





(1) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded ‘roll over’ 


— into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into 
page 0 of cache. | cache | cache a cache | cache page 1 | cache page 2 cache page 7 
byte 0 | byte 1 | byte 2 byte 7] bytes 8-15 bytes 16-23 bytes 56-63 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. 6) Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


Pages «age sf + + = age 7] acy 


6) Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 


PART NUMBERS 


Package: Plastic DIP 
S 


Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature Blank 0°C to +70°C 
Range: | -40°C to +85°C 


Device: 24C65 64K CMOS Serial EEPROM (100 KHz/400 KHz) 
24C65T = 64K CMOS Serial EEPROM (in Tape and Reel Form) 
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MICROCHIP 


24LC65 


64K 2.5V CMOS Smart Serial™ EEPROM 





FEATURES 


¢ Voltage operating range: 2.5V to 6.0V 
— Peak write current 3 mA at 6.0V 
— Maximum read current 150 pA at 6.0V 
~ Standby current 5 pA typical 

Industry standard two wire bus protocol I?@C™ compat- 
ible 
— Including 100 KHz (2.5V) and 400 KHz (5V) Modes 
Programmable block security options 
Programmable endurance options 

Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
Self-timed ERASE (E) and WRITE (W) cycles 
Power on/off data protection circuitry 

Endurance: 1 million E/W for a 4K block (typical) 

10,000 E/W for a 60K block (typical) 

8 byte page, or byte modes available 

1 page x 8 line input cache for fast write loads 
Electrostatic discharge protection > 4000V 

Data retention > 40 years 

8-pin PDIP/SOIC packages 

Temperature ranges: 

— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

2 ms typical write cycle time, byte or page 

Up to 8 devices may be connected to the same bus for 
up to 512K bits total memory 


PIN CONFIGURATIONS 


PDIP Package 


[°C is a trademark of Philips Corporation 
Smart Serial is a trademark of Microchip Technology Inc. 





DESCRIPTION 


The Microchip Technology Inc. 24LC65 is a “smart" 8K 
x8 Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications, and provides the 
systems designer with flexibility through the use of many 
new user-programmable features. The 24LC65 offers a 
relocatable 4K bit block of ultra-high-endurance memory 
for data that changes frequently. The remainder of the 
array, or 60K bits, is rated at 10,000 ERASE/WRITE (E/W) 
cycles typical. The 24LC65 features an input cache for 
fast write loads with a capacity of eight pages, or 64 
bytes. This device also features programmable secu- 
rity options for E/W protection of critical data and/or code 
of up to fifteen 4K blocks. Functional address lines allow 
the connection of up to eight 24LC65's on the same bus 
for up to 512K bits contiguous EEPROM memory. Ad- 
vanced CMOS technology makes this device ideal for 
low-power non-volatile code and data applications. The 
24LC65 is available in the standard 8-pin plastic DIP and 
8-pin surface mount SOIC package. 


BLOCK DIAGRAM 


HV Generator 
|_| EEPROM ARRAY 


Page Latches 


Sense AMP 
R/W Control 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 


Maximum Ratings* _ 
WCC ec tials Pac resto cde oor ti 7.0V 


All inputs and outputs w.r.t. VSs .....-0.6V to Vcc +1.0V i bites | 
Storage temperature ..............0s00.. 65°C to+150°C : User Configurable Chip Selects 
Ambient temp. with power applied .... -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds) . +300°C | Serial Address/Data I/O 
ESD protection on all pins ...........csesccseceeseeeeeee >4kV Serial Clock 

+2.5V to 6.0V Power Supply 
*Notice: Stresses above those listed under “Maximum Ratings” may No Internal Connection 





cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at those or any other conditions above 

those indicated in the operational listings of this specification is not 

_ implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS Vcc = +2.5V to 6.0V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


Peneer ~~ [ma [ute | _—_contons 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger 
inputs: 
Low level output voltage ; 


Internal capacitance Vcc = 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C, Fclk = 1 MHz 


Operating current Vcc = 6.0V, SCL = 400 KHz © 
Vcc = 6.0V, SCL = 400 KHz 


Standby current Vcc = 6.0V, SCL = SDA = Vcc 


Note 1: This parameter is periodically sampled and not 100% tested. 





FIGURE 1 - BUS TIMING START/STOP 
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kHz 


AC CHARACTERISTICS eae 


Parameter 


Clock frequency 


Clock high time 4000 


Clock low time 4700 
SDA and SCL rise time | TR | — | 
Tt | 


SDA and SCL fall time 


© 
o) 


Note 1 
Note 1 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


Time the bus must be free 
before a new transmission 
can start 


Note 1, Cs < 100 pF 


ms/page | Note 4 


START condition hold time 


START condition setup time 4700 


Data input hold time | THopat | 0 
Data input setup time 250 


STOP condition setup time 4000 | 600 | 
Output valid from clock |} Ta | 3500 | | 


Bus free time 1300 





Output fall time from ViIH min 
to ViL max 


Input filter spike suppression 
(SDA and SCL pins 


Write cycle time 





Note 1: Not 100 percent tested. Cs = total capacitance of one bus line in pF. 

Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 3: The combined Tsp and VuHys specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 

Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache 
for total time. 


FIGURE 2 - BUS TIMING DATA 


out SX OOOKK 
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FUNCTIONAL DESCRIPTION 


The 24LC65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC65 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 

defined (See Figure 3). 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D 


The state of the data line represents valid data when, | 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24LC65 does not generate any acknowl- 
edge bits if an internal programming cycle is 
in progress. 


A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 
Device Addressing and Operation (Figure 4) 


Acontrol byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24LC65 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When set to a one aread 
operation is selected, when set to a zero a write opera- 
tion is selected. The next two bytes received define the 
address of the first data byte (see Figure 5). Because 
only A12..A0 are used, the upper three address bits 
must be zeros. The most significant bit of the most 
significant byte is transferred first. Following the start 
condition, the 24LC65 monitors the SDA bus checking 
the device type identifier being transmitted. Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24LC65) outputs an acknowledge 
signal on the SDA line. Depending upon the state of the 
R/W bit, the 24LC65 will select a read or write operation. 


Operation | Control Code | Device Select Raw | 
Read 1010 Device Address 
1010 Device Address Foo | 


FIGURE 4 - CONTROL BYTE ALLOCATION 
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FIGURE 5 - BYTE WRITE 
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WRITE OPERATION 
Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
R/W bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver (24LC65) that a byte with a word address 
will follow after it has generated an acknowledge bit 
during the ninth clock cycle. Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24LC65. The next byte is the least significant 
address byte. After receiving another acknowledge 
signal from the 24LC65 the master device will transmit 
the data word to be written into the addressed memory 
location. The 24LC65 acknowledges again and the 
master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24LC65 will 
not generate acknowledge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC65 in the same way as 
inabyte write. Butinstead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24LC65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap- 
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin. The 64 byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 


Word 
Address (0) 
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FIGURE 6 - PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 12) 
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FIGURE 7 - CURRENT ADDRESS READ 
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FIGURE 8 - RANDOM READ 
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FIGURE 9 - SEQUENTIAL READ 
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READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se- 
quential read. 


Current Address Read 


The 24LC65 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either aread or write operation) was to address n (nis any 
legal address), the next current address read operation 
would access data from address n+ 1. Upon receipt of the 
slave address with R/W bit set to one, the 24LC65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24LC65 discontinues 
transmission (see Figure 7). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24LC65 
as part of a write operation (R/W bit set to 0). After the 
word address is sent, the master generates a start condi- 
tion following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the R/W bit set to a one. The 24LC65 will then issue an 
acknowledge and transmit the eight bit data word. The 
master will not acknowledge the transfer but does gener- 
ate a stop condition which causes the 24LC65 to discon- 
tinue transmission (see Figure 8). 


Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in arandom read. This 
acknowledge directs the 24LC65 to transmit the next 
sequentially addressed 8 bit word (see Figure 9). Follow- 
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 


To provide sequential reads the 24LC65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Contiguous Addressing Across Multiple 
Devices 


The device select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24LC65's onthe same bus. In this case, 
software can use AO of the control byte as address bit A13, 
A1 as address bit A14, and A2 as address bit A15. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera- 
tion even on a noisy bus. All I/O lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil- 


ity. 
High Endurance Block 


The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of one 
million erase/write cycles typical (see Figure 11). 


Note: The High Endurance Block cannot be 
changed after the security option has been 
set. If the H.E. block is not programmed by 
the user, the default location is the highest 
block of memory. 


Security Options 


The 24LC65 has a sophisticated mechanism for write- 
protecting portions of the array. This write protect 
function is programmable and allows the user to pro- 
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with 0 blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first ad- 
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging afterwards. 
The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. For example, if three blocks are to be 
protected, the third byte would be 10XX0011. After the 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 
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During anormal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound- 
ary, unprotected addresses will be written and protected 
addresses will not. 


Security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this option 
except the READ bit (bit 6) of the configuration byte is set 
to aone. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. The master 
must acknowledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se- 
_ quence. The upper four bits of both of these bytes will 
always be readas'1's. The lower four bits of the first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11). 


ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 10 for flow diagram. 





FIGURE 10 - ACKNOWLEDGE POLLING FLOW 
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PAGE CACHE AND ARRAY MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even ifa 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
0 and existing bytes in the cache will be overwritten. 


Cache Write Starting at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2, A1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad- 
dresses. This includes writing across a 4K block 
boundary. in the example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


ache Writ 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO are 
not all zero), it is important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page 0. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2, A1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
0 of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown in Figure 13, a write command has been initiated 


tarting at a Non-Page 


Starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will 'roll 
over’ and be loaded into the first two bytes of page 0 (of 
the cache). When the stop bit is sent, page 0 of the cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. Ifa 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 


Power Management 


The design incorporates a power standby mode when 
not inuse and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device also incorporates VDD monitor circuitry to pre- 
vent inadvertent writes (data corruption) during low- 
voltage conditions. The VoD monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption. 


PIN DESCRIPTIONS 


AO, Al, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24LC65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre- 
sponding bits (A2, A1, AQ) in the control byte (see 
Figures 4 and 11). 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


rp a AT A VPC PY CP SS SSS TY ht ESS st hs A RS ah A SS hf PE SS 7S A SS ht PTFE SERS ESE A 
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FIGURE 11 - CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 12 - CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. @) 64 bytes of data are loaded into cache. 


| cache page 0 | 
cache | cache cache | cache page 1 | cache page 2 cache page 7 
byte 0 | byte 1 byte 7] bytes 8-15 bytes 16-23 bytes 56-63 


(3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


6) Last page in cache written to page 2 in next row. 





FIGURE 13 - CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(1) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded 'roll over’ 


ca into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into : 
page 0 of cache. | cache | cache _— cache | cache page 1 | cache page 2 cache page 7 
byte 0 | byte 1 | byte2 byte 7] bytes 8-15 bytes 16-23 bytes 56-63 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 
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6 Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 


To order or to obtain information, €.g., On pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24LC65 - /P 


Package: Plastic DIP | 
| SM 


Plastic SOIC (207 mil Body, ElAJ standard) 


Temperature Blank 0°C to +70°C 
Range: i -40°C to +85°C 


Device: 24LC65 64K CMOS Serial EEPROM (100 KHz/400 KHz) 
24LC65T 64K CMOS Serial EEPROM (in Tape and Reel Form) 
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MICROCHIP 


24AA65 





64K 1.8V CMOS Smart Serial™ EEPROM 





FEATURES 


¢ Voltage operating range: 1.8V to 6.0V 

— Peak write current 3 mA at 6.0V 

— Maximum read current 150 pA at 6.0V 

— Standby current 5 pA typical 

Industry standard two wire bus protocol l?C™ compat- 

ible 

— Including 100 KHz (1.8V) and 400 KHz (5V) Modes 

Programmable block security options 

Programmable endurance options 

Schmitt trigger, filtered inputs for noise suppression 

Output slope control to eliminate ground bounce 

Self-timed ERASE (E) and WRITE (W) cycles 

Power on/off data protection circuitry 

Endurance: 1 million E/W for a 4K block (typical) 
10,000 E/W for a 60K block (typical) 

8 byte page, or byte modes available 

1 page x 8 line input cache for fast write loads 

Electrostatic discharge protection > 4000V 

Data retention > 40 years 

8-pin PDIP/SOIC packages 

Temperature ranges: 

— Commercial: 0°C to +70°C 

2 ms typical write cycle time, byte or page 

Up to 8 devices may be connected to the same bus for 

up to 512K bits total memory 


PIN CONFIGURATIONS 


PDIP Package 


I?C is a trademark of Philips Corporation 
Smart Serial is a trademark of Microchip Technology Inc. 
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Advance Information 


DESCRIPTION 


The Microchip Technology Inc. 24AA65 is a "smart" 8K 
x8 Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications, and provides the 
systems designer with flexibility through the use of many 
new user-programmable features. It is capable of op- 
eration down to 1.8V, the end-of-life voltage for 2 "AA" 
battery cells for most popular battery technologies. The 
24AA65 offers a relocatable 4K bit block of ultra-high- 
endurance memory for data that changes frequently. 
The remainder of the array, or 60K bits, is rated at 10,000 
ERASE/WRITE (E/W) cycles typical. The 24AA65 fea- 
tures an input cache for fast write loads with a capacity 
of eight pages, or 64 bytes. This device also features 
programmable security options for E/W protection of 
critical data and/or code of up to fifteen 4K blocks. 
Functional address lines allow the connection of up to 
eight 24LC65's on the same bus for up to 512K bits 
contiguous EEPROM memory. Advanced CMOS tech- 
nology makes this device ideal for low-power non- 
volatile code and data applications. The 24AA65 is 
available in the standard 8-pin plastic DIP and 8-pin 
surface mount SOIC package. 


BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS | 


PIN FUNCTION TABLE 


Maximum Ratings* 


51 { 0! 2 ee OST ASRS PR PARTE EIEN CERES RAE ERE 7.0V 
All inputs and outputs w.r.t. VSS .....-0.6V to Vcc +1.0V 7 | ; : 
Storage temperature ...........csseseeeeesee- -65°C to+150°C - ___ User Configurable Chip Selects 
Ambient temp. with power applied .... -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds) . +300°C Serial Address/Data I/O 
ESD protection on alll pins ...........cscseseseseeseeeen >4kV Serial Clock 

+1.8V to 6.0V Power Supply 
*Notice: Stresses above those listed under “Maximum Ratings” may No Internal Connection 





cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS Vcc = +1.8V to 6.0V 
: Commercial (C): Tamb= 0°C to +70°C 


Parameter 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 


Hysteresis of Schmitt Trigger 
inputs 


Low level output voltage . 


Input leakage current VIN = .1V to Vcc 
Output leakage current VouT = .1V to Vcc 


Internal capacitance Vcc = 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C, Fclk = 1 MHz 


Operating current Vcc =6.0V, SCL = 400 KHz 
Vcc =6.0V, SCL = 400 KHz 
Standby current Vcc =6.0V, SCL = SDA = Vcc 


Note 1: This parameter is periodically sampled and not 100% tested. 





FIGURE 1 - BUS TIMING START/STOP 
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AC CHARACTERISTICS 


Vcc = 1.8V-6.0V | Vcc = 4.5V-6.0V 
STD. MODE FAST MODE 
FCLK 


ro | 0 
rao [ooo | — 
= 


TLOw j 4700 
R 
F 


= [00 
| — [900 





Parameter 














Clock frequency 
Clock high time 
130 


Oo 


Clock low time 
SDA and SCL rise time 
SDA and SCL fall time 


RR Ea EE 


— 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


Time the bus must be free 
before a new transmission 
can start 


Note 1, CB < 100 pF 


Note 4 | 


START condition hold time 


START condition setup time 


TSU:STA | 4700 


THD:DAT ie ia 
TSU:DAT 250 | 
Tsussto | 4000 | — | 
= 00 


Bus free time TBUF | 4700 4 


Data input hold time 
Data input setup time 


STOP condition setup time 


— 
—_— 
io) 


Output valid from clock 





Output fall time from ViH min Tor 
to VIL max 


S 
ot 


> a 
> 
< 
> 
, E 


Input filter spike suppression Tsp 
(SDA and SCL pins 


Write cycle time Twr ies 5 5 ms/page 









Note 1: Not 100 percent tested. Cs = total capacitance of one bus line in pF. 

Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 3: The combined Tsp and Vuys specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a T! specification for standard operation. 

Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache 
for total time. 


FIGURE 2 - BUS TIMING DATA 
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FUNCTIONAL DESCRIPTION 
The 24AA65 supports a bidirectional two-wire bus and 


data transmission protocol. A device that sends data 


onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA65 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 3). 


Bus not B A 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 
ALOW to HIGH transition of the SDA line while the clock 


(SCL) is HIGH determines a STOP condition. Allopera- 


tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24AA65 does not generate any acknowil- 
edge bits if an internal programming cycle is 
in progress. 


A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24AA65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 
Device Addressing and Operation (Figure 4) 


Acontrol byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24AA65 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When set to a one a read 
operation is selected, when set to a zero a write opera- 
tion is selected. The next two bytes received define the 
address of the first data byte (see Figure 5). Because 
only A12..A0 are used, the upper three address bits 
must be zeros. The most significant bit of the most 
significant byte is transferred first. Following the start 
condition, the 24AA65 monitors the SDA bus checking 
the device type identifier being transmitted. Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24AA65) outputs an acknowledge 
signal on the SDA line. Depending upon the state of the 
R/W bit, the 24AA65 will select a read or write operation. 


Control Code | Device Select 


Read 1010 Device Address 
1010 Device Address PO 


FIGURE 4 - CONTROL BYTE ALLOCATION 
















READ/WRITE 


i. | SLAVE ADDRESS RAW] A | 





FIGURE 5 - BYTE WRITE 
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WRITE OPERATION 
Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
R/W bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver (24AA65) that a byte with a word address 
will follow after it has generated an acknowledge bit 
during the ninth clock cycle. Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24AA65. The next byte is the least significant 
address byte. After receiving another acknowledge 
signal from the 24AA65 the master device will transmit 
the data word to be written into the addressed memory 
location. The 24AA65 acknowledges again and the 
master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24AA65 will 
not generate acknowledge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA65 in the same way as 
inabyte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24AA65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap- 
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin. The 64 byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 


Word 
Address (0) Data 


SDA Line O10lo0 


Bus Activity ‘ 
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FIGURE 6 - PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 12) 
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FIGURE 7 - CURRENT ADDRESS READ 
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FIGURE 8 - RANDOM READ 
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FIGURE 9 - SEQUENTIAL READ 
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READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se- 
quential read. 


Current Address Read 


The 24AA65 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either aread or write operation) was to address n (nis any 
legal address), the next current address read operation 
would access data from address n+ 1. Upon receipt of the 
slave address with R/W bit set to one, the 24AA65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24AA65 discontinues 
transmission (see Figure 7). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24AA65 
as part of a write operation (R/W bit set to 0). After the 
word address is sent, the master generates a start condi- 
tion following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the R/W bit set toa one. The 24AA65 will then issue an 
acknowledge and transmit the eight bit data word. The 
master will not acknowledge the transfer but does gener- 
ate a stop condition which causes the 24AA65 to discon- 
tinue transmission (see Figure 8). 


Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24AA65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in arandom read. This 
acknowledge directs the 24AA65 to transmit the next 
sequentially addressed 8 bit word (See Figure 9). Follow- 
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 


To provide sequential reads the 24AA65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Contiguous Addressing Across Multiple 
Devices 


The device select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24LC65's onthe same bus. Inthis case, 
software can use AO of the control byte as address bit A13, 
A1 as address bit A14, and A2 as address bit A15. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera- 
tion even on a noisy bus. All I/O lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil- 


ity. 
High Endurance Block 


The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of one 
million erase/write cycles typical (see Figure 11). 


Note: The High Endurance Block cannot be 
changed after the security option has been 
set. If the H.E. block is not programmed by 
the user, the default location is the highest 
block of memory. 


Security Options 


The 24AA65 has a sophisticated mechanism for write- 
protecting portions of the array. This write protect 
function is programmable and allows the user to pro- 
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with 0 blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first ad- 
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging afterwards. 
The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. For example, if three blocks are to be 
protected, the third byte would be 10XX0011. After the 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 
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During anormal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If awrite command is attempted across a secure bound- 
ary, unprotected addresses will be written and protected 
addresses will not. 


curi onfiguration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this option 
except the READ bit (bit 6) of the configuration byte is set 
to aone. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. The master 
must acknowledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se- 
quence. The upper four bits of both of these bytes will 
always be read as'1's. The lower four bits of the first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11). 


ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 10 for flow diagram. 





FIGURE 10 - ACKNOWLEDGE POLLING FLOW 
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PAGE CACHE AND ARRAY MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even ifa 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around’ to the beginning of cache page 
0 and existing bytes in the cache will be overwritten. 


Cache Write Starting at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2, A1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad- 
dresses. This includes writing across a 4K block 
boundary. Inthe example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO are 
not all zero), itis important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page 0. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2, A1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
0 of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown in Figure 13, a write command has been initiated 


starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will ‘roll 
over’ and be loaded into the first two bytes of page 0 (of 
the cache). When the stop bit is sent, page 0 of the cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. Ifa 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 


Power Managemen 


The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device also incorporates VoD monitor circuitry to pre- 
vent inadvertent writes (data corruption) during low- 
voltage conditions. The VoD monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption. 


PIN DESCRIPTIONS 


AO, Al, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24AA65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre- 
sponding bits (A2, A1, AO) in the control byte (see 
Figures 4 and 11). 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 11 - CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 12 - CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


(1) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


| cache page 0 | 
cache | cache cache | cache page 1] cache page 2 cache page 7 
byte 0 | byte 1 byte 7] bytes 8-15 bytes 16-23 bytes 56-63 


(3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


(5) Last page in cache written to page 2 in next row. 





FIGURE 13 - CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(1) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded ‘roll over’ 


ct into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into 
page 0 of cache. | Cache | cache a cache | cache page 1 | cache page 2 cache page 7 
byte 0 | byte 1 | byte2 byte 7 | bytes 8-15 bytes 16-23 bytes 56-63 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (5) Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


aray 
[pages — page sf = ++ [ page 7] aa 


6) Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24AA65 - /P 


Package: Plastic DIP 
SM 


Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature Blank 0°C to +70°C 
Range: 


Device: 24AA65 64K CMOS Serial EEPROM (100 KHz/400 KHz) 
24AA65T 64K CMOS Serial EEPROM (in Tape and Reel Form) 
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1K 5V CMOS Serial EEPROM 





FEATURES DESCRIPTION 

¢ Low power CMOS technology The Microchip Technology Inc. 59C11 is a 1K bit Elec- 

e Pin selectable memory organization trically Erasable PROM. The device is configured as 
— 128 x 8 or 64 x 16 bit organization 128 x 8 or 64 x 16, selectable externally by means of the 

e Single 5 volt only operation control pin ORG. Advanced CMOS technology makes 

¢ Self timed WRITE, ERAL and WRAL cycles this device ideal for low power nonvolatile memory 

e Automatic erase before WRITE applications. The 59C11 is available in the standard 8- 

° RDY/BSY status information during WRITE pin DIP and a surface mount SOIC package. 

e Power on/off data protection circuitry 

¢ 1,000,000 ERASE/WRITE cycles typical BLOCK DIAGRAM 


Data Retention > 40 Years 

8-pin DIP or SOIC package 

Available for extended temperature ranges: 
— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C (—| ADDRESS 
— Automotive: -40°C to +125°C DECODER 


DECODE 
LOGIC 





PIN CONFIGURATION 


DIP Package | SOIC Package 


7 |_J RDY/BSY 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* ; 


PIN FUNCTION TABLE | 





















MCG srt bi ccte Rated cca catettscseettseaenietes oh ee lease oe 7.0V 

All inputs and outputs w.r.t. VSs ....... -0.6V to Vcc +1.0V CS Chip Select 

Storage temperature .............cccceseees -65°C to +150°C | Serial Clock 

Ambient temperature with DI Data In 

POWEF APPlie” ...........ecescsecceeeseeceeeseees -65°C to +125°C DO Data Out 

Soldering temperature of leads (10 seconds) ... +300°C Vss Ground 

ESD protection on all pins ...............cssssssreeeseeeeenees 4kV ORG Memory Array Organization 
“Notice: Stresses above those listed under "Maximum ratings” may RDY/BSY Ready/Busy Status 

cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at those or any other conditions above Vcc +5V Power Supply 





those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


Voc = +5V (+10%) 

Commercial: Tamb = 0°C to +70°C 

Industrial: Tamb = —40°C to +85°C 
Automotive: Tamb = —40°C to +125°C (Note 3) 


DC CHARACTERISTICS 


VouT = OV to Vcc (Note 1) 


Vin/VouT = OV (Note 2) 
Tamb = 25°C, f = 1 MHz 


FCLK = 1 MHz, Vcc =5.5V 


Internal capacitance 
(all inputs/outputs) 


Operating current 
(all modes) 


Standby current 


Note 1: Internal resister pull-up at Pin 6. Active output at Pin 7. 
Note 2: This parameter is periodically sampled and not 100% tested. 
Note 3: For operation above 85°C, endurance is rated at 10,000 ERASE/WRITE cycles. 


SYNCHRONOUS DATA TIMING 





CS = OV, Vcc = 5.5V 
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AC CHARACTERISTICS 


Parameter 


Clock frequency 


Clock high time 

Clock low time 

Chip select setup time 
Chip select hold time 
Chip select low time 
Data input setup time 
Data input hold time 


Data output delay time 


PIN DESCRIPTION 


Chi lec 


AHIGH level selects the device. ALOW level deselects 
the device and forces it into standby mode. However, a 
WRITE cycle which is already initiated and/or in prog- 
ress will be completed, regardless of the CS input signal. 
If CS is brought LOW during a WRITE cycle, the device 
will go into standby mode as soon as the WRITE cycle 
is completed. 


CS must be LOW for 100 ns (TCSL) minimum between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 59C11. Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock high time (TCKH) and clock 
low time (TCKL)). This gives freedom in preparing 
opcode, address and data for the controlling master. 


CLK is a "Don't Care" if CS is LOW (device deselected). 
lf CS is HIGH, but a START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 


for 8-bit mode 
for ERAL and WRAL 
in 8/16-bit modes 





CLK cycles are not required during the self-timed WRITE 
(i.e., auto erase/write) cycle. 


After detection of a START condition the specified 
number of clock cycles (respectively LOW to HIGH 
transitions of CLK) must be provided. These clock 
cycles are required to clock in all required opcode, 
address, and data bits before an instruction is executed 
(see instruction set truth table). When that limit has been 
reached, CLK and DI become “Don't Care" inputs until 
CS is brought LOW for at least chip select low time 
(TCSL) and brought HIGH again and a WRITE cycle (if 
any) is completed. 


Data In (DI 


Data In is used to clock in START bit, opcode, address 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPpD after the positive 
edge of CLK). This output is in HIGH—Z mode except if 
data is clocked out as a result of a READ instruction. 


DI and DO can be connected together to perform a 3- 
wire interface (CS, CLK, DI/DO). 


Care must be taken with the leading dummy zero which 
is output after a READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during WRITE cycles. 
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Organization (ORG) 


This input selects the memory array organization. When 
the ORG pin is connected to +5 V the 64 x 16 organiza- 
tion is selected. When it is connected to ground, the 128 
x 8 organization is selected. If the ORG pin is left 


unconnected, then an internal pullup device will select. 


the 64 x 16 organization. In applications subject to 
electrical noise, it is recommended that this pin not be 
left floating, but tied either high or low. 


Ready/Busy (RDY/BSY 


Pin 7 provides RDY/BSY status information. RDY/BSY 
is low if the device is performing a WRITE, ERAL, or 
WRAL operation. When it is HIGH the internal, self- 
timed WRITE, ERAL or WRAL operation has been 
completed and the device is ready to receive a new 
instruction. 


INSTRUCTION SET 


DATA PROTECTION 


During power-up, all modes of operation are inhibited 
until Vcc has reached a level of 2.8 V. During power- 
down, the source data protection circuitry acts to inhibit 
all modes when Vcc has fallen below 2.8 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. Therefore, EWEN instruction must be performed 
before any WRITE, ERAL or WRAL instruction can be 
executed. After programming is completed, the EWDS 
instruction offers added protection against unintended 
data changes. 


64 X 16 MODE, ORG=1 


Number of 
[seme al Address Data Psastauall Has ice CLK Cycles 


TAS AA AB AZ AL AO | 


128 X 8 MODE, ORG=0 


Number of 
Pes caeeeee Address Data Out Req. CLK (eiaseldecaaidndal 


FUNCTIONAL DESCRIPTION 


START Condition 


The START bit is detected by the device if CS and Dl are 
both High with respect to the positive edge of CLK for the 
first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition) without resulting in any device opera- 
tion (READ, WRITE, EWEN, EWDS, ERAL, and WRAL). 
As soon as CS is HIGH, the device is no la in the 
standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 





After execution of an instruction (i.e. clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


DI/DO Pins 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic high level. 
Under such a condition the voltage level seen at Data 
Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 
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READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. Adummy bit 
(logical 0) precedes the 8- or 16-bit output string. The 
output data changes during the high state of the system 
clock (CLK). The dummy bit is output Tpp after the 
positive edge of CLK, which was used to clock in the last 
address bit (AO). Therefore, care must be taken if DI and 
DO are connected together as a bus contention will 
occur for one clock cycle if AO is a one. 


READ MODE 










1 1 0 X xX 


RAR OOK 
+49 Oy / 
KRY Uy 


ty Y) ¥, 
”, t) 
WA fj 


DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the negative edge of CS, whichever occurs 
first. DO remains stable between CLK cycles for an 
unlimited time as long as CS stays HIGH. 


The most significant data bit (D15 or D7) is always output 
first, followed by the lower significant bits (D14 - DO or D6 
- DO). 





Ve 
' + \) 
DH 
2 NX Of) 9, i 

















CX AARKARIKAPARANYVYW £900 OK RR 
DAOKOOOQOOOO OOO DOSY SOOO UU IO) 
OOOO OOO OOO PO OOOXC KOO KX ) 
xX \ RIOR DOO IS 





| 


Nore: [ORGANIZATION | AN] ON | 
D1aexe | Ae | 07 | 
[eaxte [as | is | 


WRITE 


The WRITE instruction is followed by 8 or 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15 or D7) has to be clocked in first 
followed by the lower significant data bits (D14 — DO or 
D6 — DO). If a WRITE instruction is recognized by the 
device and all data bits have been clocked in, the device 
performs an automatic erase cycle on the specified 





WRITE MODE 


UR KKK 
OOOKXKX) 
RRR 


SB OPCODE 


! 
1D0 
DI WEEK), 7% 7X /\ XK AY RC NAR RY ROR KKK) 
0 A) ¢ 4 UA) OXXAX) 
LANYIRQOA ‘wy YX, [KAA XS WX [REIEOX) 999,900,900) 
1 xX 1 xX xX Xx 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 


address before the data are written. The WRITE cycle 
is completely self timed and commences automatically 
after the rising edge of the CLK signal for the last data bit 
(DO). 


The WRITE cycle takes 1 ms maximum for 8-bit mode 
and 2 ms maximum for 16-bit mode. 


YY NY Yi LKATRY KKK 
ERY (ERE 
KAA) DRA AAA 


QD 
X 


po —— ee _ HIGH-Z 


RDY/BSY a i as: ae ae 
I ! I 


Note: [ORGANIZATION | AN | DN | 
Pi2exe | as | 07 | 
[eax ie | As | 016 | 
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ERASE/WRITE Enable/Disable (EWEN, EWDS) 


The device is automatically in the ERASE/WRITE Dis- 
able mode (EWDS) after power-up. Therefore, EWEN 
instruction has to be performed before any WRITE, 
ERAL, or WRAL instruction is executed by the device. 
For added data protection, the device should be put in 
the ERASE/WRITE Disable mode (EWDS) after pro- 
gramming operations are completed. 


ERASE/WRITE ENABLE AND DISABLE 


(¥ (X (X y {¥ (Xx YX (X cy (y 
OX XX) 
KARRI OOOO OOO AA 


Oey) aeasassd 


\AS WAI AX) ¢, VY ¥y 7 Vy WAY YYVX ¥ 
AY YA OOS OOK A) 


(XK XX XX) 
BO A RRNA A, 


NOTE: 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 





ERASE All (ERAL) 


The entire chip will be erased to logical "1s" if this 
instruction is received by the device and it is in the 
EWEN mode. The ERAL cycle is completely self-timed 
and commences after the rising edge of the CLK signal 
for the last dummy address bit. ERAL takes 15 ms 
maximum. 


ERASE ALL (CHIP ERASE) 


¥ DOK AO COCR OOK KX | 
OOOO SO OOOOCR UU OO JOO OOO OOO) 
he OY OA VOOR AO | 


RRR CORTE 
OOOO) DOCU Xs 
! 
I 


AA/ YVXKAKAAKAX AAAAAARARANAAAAAAL | 
OX TRON AW WXKX RRR NRK KIN | 
AWA AAA XXX XOX OKY YA 
X 
| 


aaaadL 


SB OPCODE AN 
1 0 0 1 0 X 
DO 


RDY/BSY 


NOTE: | ORGANIZATION | AN | 
eee NEW INSTRUCTION 


| AS OR STANDBY (CS =) 
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WRITE All (WRAL) 


The entire chip will be written with the data specified in 
that command. The WRAL cycle is completely self- 
timed and commences after the last data bit (DO) has 
been clocked in. WRAL takes 15 ms maximum. 


Note: TheWRALdoesnotinclude an automatic ERASE 
cycle for the chip. Therefore, the WRAL instruc- 
tion must be preceded by an ERAL instruction 
and the chip must be in the EWEN status in both 
cases. The WRAL instruction is used for testing 
and/or device initialization. 


WRITE ALL 


LRAAAAAAAAL fT T™ FOC .LCC OP S)|!ULUL PS) OD ee Pe |]! eo O}!€“<C WdiCLlCUcLPR eee CTC RI IRI 
’ (XYNT XX YY 

OXY OXY] OAKXKX) RXARKRARKRRK 

ANAK 9", XA RY 4 (YY KYA AM 


DN 


! ! 1 
SB AN AO 1 D0 7 
LRAASAV ASLAA 4 LAX / Ee, LAAs LARA RAS AANRAAAA ASI ASRLAAS 
OQ) ¢ ¢ 
Di AREY) NKR YA AY pi 4) OX RAR YARNS 
[NNW AAA AX) DO SAAN 79 ROOD ANY DYVYXXYYYYYY) 
1 0 0 0 1 X X X |x | 





bdo. HiGH- 2, ——— 4) z#—_<—_—_—_ 
Treo 1 Lag 
RDY/BSY | 
) l 1! 
; | 
ee ay 
i] 


Two 


NOTE: 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. i | 


PART NUMBERS 
59C11- 1/P 


Package: CERDIP 
Plastic DIP 
Plastic SOIC (0.150 mil Body) 
Plastic SOIC (0.207 mil Body) 


Temperature 0°C to +70°C 
Range: -40°C to +85°C 
-40°C to +125°C 


1K CMOS Serial EEPROM 
1K CMOS Serial EEPROM 
(in Tape & Reel) 
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MICROCHIP 


85C 72/82/92 





1K/2K/4K 5V CMOS Serial EEPROM 





FEATURES 


Low power CMOS technology 

Two wire serial interface bus, I2C™ compatible 
5 volt only operation 

Seif-timed write cycle (including auto-erase) 
Page-write buffer 

ims write cycle time for single byte 

100,000 erase/write cycles 

Data retention >40 years 

8-pin DIP or SOIC package 

Available for extended temperature ranges: 
—Commercial: 0°C to +70°C 

—Industrial: -40°C to +85°C 

—Automotive: -40°C to +125°C 


128x8 | 256x8|2x256x8 







PIN CONFIGURATIONS 


DIP Package 


IC is a trademark of Philips Corporation 
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DESCRIPTION 


The Microchip Technology Inc. 85C72/82/92 is a 
1K/2K/4K bit Electrically Erasable PROM. The device 
is organized as shown with a two wire serial interface. 
Advanced CMOS technology allows a significant reduc- 
tion in power over NMOS serial devices. The 85C72/82/ 
92 also has a page-write capability for up to 8 bytes of 
data (see chart). Up to eight 85C72/82/92s may be 
connected to the two wire bus. The 85C72/82/92 is 
available in standard 8-pin DIP and surface mount SOIC 
packages. 


BLOCK DIAGRAM 


DATA 
BUFFER 
(FIFO) 


a DATA REG. 
G 
a 


| SLAVE ADR. 
OGIC 


CONTROL 
LOGI 


SOIC Packages 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 
Maximum Ratings* 
a 7 Function 
AY [61 6 RENNER en ROP Pw ne ase oe eter ter Pe Bench ee eae Ne 7.0V : = 
All inputs and Sutputs: w.rt. VSs ......-0.6V to Vcc +1.0V AO, A1, A2 Chip Address Inputs 
Storage temperature — ..........cccccccreee -65°C to +150°C Vss Ground 
Ambient temp. with power applied .... -65°C to +125°C Serial Address/Data Input/Output 
Soldering temperature of leads (10 seconds) . +300°C Serial Clock 
ESD protection on all Pins ............:csseccscessseeeeeeees 4kV No Connect 


“Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


+5V Power Supply 










Vcc = +5V (+10%) 
DC CHARACTERISTICS : Commercial (C): Tamb= 0°C to +70°C 


Industrial (Il): Tamb = -40°C to +85°C 


Automotive (E): Tamb = -40°C to +125°C (Note 2) 
Vcc detector threshold Sv | 28 | 


a 
SCL and SDA pins: 
VIH Vcc x 0.7 | Voc +1 
VIL -0.3 
VOL 0.4 


High level input voltage 
Low level input voltage 
Low level output voltage 
High level input voltage VIH Vcc - 0.5 | Vcc + 0.5 
Low level input voltage VIL -0.3 0.5 
Input leakage current fu i tO VIN = OV to Vcc 
Output leakage current aS oe Vout = OV to Vcc 
Internal capacitance CINT PF | Vin/VouT = OV (Note 1) 
(all inputs/outputs) Tamb = +25°C, f = 1 MHz 


Operating current FCLK = 100 kHz, program cycle time = 1 ms, 
Vcc = 5V, Tamb =0°C to +70°C 

FCLK = 100 kHz, program cycle time = 1 ms, 
Vcc = 5V, Tamb = (I) and (E) 

read cycle Vcc = 5V, Tamb = (C), (I) and (E) 


Standby current Ie ery SDA = SCL = Vcc = 5V (no PROGRAM active) 


Note 1: This parameter is periodically sampled and not 100% tested. 
Note 2: For operation above 85°C, endurance is rated at 10,000 ERASE/WRITE cycles 


BUS TIMING START/STOP 
























‘i 
















lo = 3.2 mA (SDA only) 





AO, A1 & A2 pins: 
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AC CHARACTERISTICS 


Parameter 


FCLK 


re | ono 


| symbot | _min_| Typ 
Clock frequency Fok 
Clock high time 
Clock low time 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 


R 
F 


THD:STA 
TSU:STA 


a0 


D 
- 
i | 
Twc 4 
.4N 


Note 1: Astransmitter the device must provide this internal minimum delay time to bridge the undefined region (minimum 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


After this period the first 
clock pulse is generated 


| 
Only relevant for repeated 
START condition 


START condition setup time 


Data input hold time 
Data input setup time 


Data output delay time 


4000 
| 260 
| 4700 


STOP condition setup time 


Bus free time Time the bus must be free 
before a new transmission 


can start 


Input filter time constant 
(SDA and SCL pins) 


Byte Mode 
Page Mode, N = # of bytes 
to be written 


Program cycle time MN 





BUS TIMING DATA 


tsu:sto , 


TAA 
ot <XKXXKKMKK 








FUNCTIONAL DESCRIPTION 


The 85C72/82/92 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 85C72/82/92 


works as slave. Both, master and slave can operate as 
transmitter or receiver, but the master device deter- 
mines which mode is activated. 


Up to eight 85C72/82/92s can be connected to the bus, 
selected by the AO, A1 and A2 chip address inputs. 
Other devices can be connected to the bus, but require 
different device codes than the 85C72/82/92 (refer to 
section Slave Address). 
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BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Datatransfer may be initiated only when the bus is not — 


busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. _ 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


top Data Transfer (C 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a start condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 85C72/82/92 does not generate any ac- 
knowledge bits if an internal programming 
cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case the slave must 
leave the data line HIGH to enable the master to gener- 
ate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BI II III 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 85C72/ 
82/92 must be externally connected to either Vcc or 
ground (Vss), assigning to each 85C72/82/92 a unique 
3-bit address. Up to eight 85C72/82/92s may be 
connected to the bus. Chip selection is then accom- 
plished through software by setting the bits AO, A1 and 
A2 of the transmitted slave address to the corresponding 
hardwired logic levels of the selected 85C 72/82/92. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C 72/82/92, followed by the chip 
address bits AO, A1 and A2. In the 85C92 the seventh 
bit of that byte (BA) is used to select the upper block 
(addresses 100 - 1FF) or the lower block (000 - FFF) of 
the array. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C 72/82/92 (see 
Figure 2). 


The 85C 72/82/92 monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a 
programming mode. 


FIGURE 2 - SLAVE ADDRESS ALLOCATION 






START READ/WRITE 


x SLAVE ADDRESS RA A | 


/ \ 






/ 
/ 


\ 
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FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START! ADDRESS i ADDRESS ; DATA BYTE 1 


R/W 


BYTE PROGRAM MODE 


In this mode the master sends addresses and one data 
byte to the 85C 72/82/92. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 85C 72/82/92 that a byte with 
a word address will follow after it has generated an 
acknowledge bit. Therefore, the next byte transmitted 
by the master is the word address and will be written into 
the address pointer of the 85C 72/82/92. After receiving 
the acknowledge of the 85C 72/82/92, the master device 
transmits the data word to be written into the addressed 
memory location. The 85C 72/82/92 acknowledges again 
and the master generates a STOP condition. This 
initiates the internal programming cycle of the 85C72/ 
82/92 (see Figure 3). 


PAGE PROGRAM MODE 


To program the 85C72/82/92, the master sends ad- 
dresses and data to the 85C 72/82/92 which is the slave 
(see Figure 3). This is done by supplying a START 
condition followed by the 4-bit device code, the 3-bit 
slave address, and the R/W bit which is defined as a logic 
LOW for a write. This indicates to the addressed slave 
that a word address will follow so the slave outputs the 
acknowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 85C72/ 
82/92, it places it in the lower 8 bits of the address pointer 
defining which memory location is to be written. The 
85C72/82/92 will generate an acknowledge after every 
8 bits received and store them consecutively in a 2-byte 
RAM until a stop condition is detected which initiates the 
internal programming cycle. If more than 2 bytes are 
transmitted by the master, the 85C 72/82/92 will termi- 
nate the write cycle. This does not affect erase/write 
cycles of the EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 


ACKNOWLEDGES FROM SLAVE 


DATA BYTE N STOP 





P 
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ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awrite command (R/W = 0). Ifthe device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 


FIGURE 4 - ACKNOWLEDGE POLLING FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 
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FIGURE 5 - READ MODE 


ACKNOWLEDGES FROM SLAVE RECEIVER 
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READ MODE 


This mode illustrates master device reading data from 
the 85C 72/82/92. 


Ascan be seen from Figure 5, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is a read mode, the address pointer must 
be written to.) During this period the 85C 72/82/92 gen- 
erates the necessary acknowledge bits as defined in the 
appropriate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: Ifthe master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ 
indicated on Figure 5 and save time transmitting 
the slave and word addresses. 


Note: !n all modes, the address pointer will automati- 
cally increment from the end of the memory block 
(256 byte) back to the first location in that block. 


ACKNOWLEDGES FROM MASTER RECEIVER 


LAST 
DATABYTE |S!OP 





AUTO INCREMENT 
WORD ADDRESS 
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PIN DESCRIPTION 


AO, A1 and A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. For 85C92, AO is no 
function. 


Up to eight 85C72/82s or four 85C92s can be connected 
to the bus. 


These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ). For normal data transfer SDA 
is allowed to change only during SCL LOW. Changes 
during SCL HIGH are reserved for indicating the START 
and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


NC No Connect 


This pin can be left open or used as a tie point. 


Notes: 


1. A“page" is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
85C 72/82 page is 2 bytes long and the 85C92 page 
is 8 bytes long. 


2. A “block" is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the 
first location in the same block. The 85C72/82 has 
only one block (256 bytes), while the 85C92 has two 
blocks of 256 bytes each. 


eT CPE SA SAA SS SS SS: SP ESSE Ss A AES PR Ea UR PSS EP PE SS SS PUSS aC A EOL NSA PEP SRR TTC POTTSSNEESA RE, 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 


PART NUMBERS 
85C82 - /P 


PACKAGE: J CERDIP 
P Plastic DIP 
SM Plastic SOIC (207 mil Bo dy) 8-Lead 


SL Plastic SOIC 14-Lead (85C92 only) 


TEMPERATURE _ Blank 0°C to +70°C 
RANGE: | -40°C to +85°C 
E -40°C to +125°C 


DEVICE: 85C72 1K CMOS Serial EEPROM 
85C72T 1K CMOS Serial EEPROM (in Tape & Reel) 
85C82 2K CMOS Serial EEPROM 
85C82T 2K CMOS Serial EEPROM (in Tape & Reel) 
85C92 4K CMOS Serial EEPROM 
85C92T 4K CMOS Serial EEPROM (in Tape & Reel) 
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256 Bit/IK 5V CMOS Serial EEPROM 





FEATURES 


¢ Low power CMOS technology 
¢ 16 bit memory organization 


— 16 x 16 bit organization (93C06) 

— 64 x 16 bit organization (93C46) 
Single 5 volt only operation 

Self-timed ERASE and WRITE cycles 
Automatic ERASE before WRITE 

Power on/off data protection circuitry 
1,000,000 ERASE/WRITE cycles (typical) 
Data Retention > 40 years 

8-pin DIP or SOIC package 


Available for extended temperature ranges: 


— Commercial: 0°C to +70°C 
— Industrial: -40°C to +85°C 

— Automotive: -40°C to +125°C 
2 Ms program cycle time 


PIN CONFIGURATION 


DIP Package 
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DESCRIPTION 


The Microchip Technology Inc. 93C06/46 family of Se- 
rial Electrically Erasable PROMs are configured ina x16 
organization. Advanced CMOS technology makes these 
devices ideal for low-power non-volatile memory appli- 
cations. The 93C06/46 is available in the standard 8-pin 
DIP and surface mount SOIC packages. The 93C46X 
comes as SOIC only. 


These devices offer fast (1 ms) byte write and extended 
(-40°C to 125°C) temperature operation. It is recom- 
mended that all other applications use Microchip’s 
93LC46. 


BLOCK DIAGRAM 


ADDRESS 
DECODER 


MODE 
DECODE 
LOGIC 





93C46X 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* a | 


CG lia hee ate ieee ot Cactus 7.0 
All inputs and outputs w.r.t. VSs...... -0.6V to Vcc +1.0V 
Storage temperature ............cscceeeseees -65°C to +150°C 
Ambient temperature with - 
POWER Applied” .........ccecsssseesssceseseeees -65°C to +125C 
Soldering termperature of leads (10 seconds) .. +300°C 
ESD protection on all Pins ................cssssseesecessseseees 4kV 


“Notice: Stresses above those listed under “Maximum ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 


Note 1: Internal resistor pull-up at Pin 6. 





PIN FUNCTION TABLE 


Chip Select 


Serial Clock 
Data In 
Data Out 
Ground 

No Connect; No Internal 
Connection 

+5V Power Supply 





Vcc = +5V (410%) 

Commercial: Tamb= 0°C to +70°C 

Industrial : Tamb = —40°C to +85°C | 
Automotive: Tamb =-—40°C to +125°C (Note 3) 


Conditions | . 


IOH = -400 pA 


lo. = 3.2 mA 


VIN = OV to Vcc (Note 1) 


Vout = OV to Vcc (Note 1) 


pF ViN/VouT = OV (Note 2) 
Tamb = +25°C, f = 1 MHz 


FCLK = 1 MHz, Vcc = 5.5V 


CS =0V, Vcc =5.5V 


Note 2: This parameter is periodically sampled and not 100% tested. 
Note 3: For operation above 85°C, endurance is rated at 10,000 ERASE/WRITE cycles. 


SYNCHRONOUS DATA TIMING 
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AC CHARACTERISTICS 


Endurance 


PIN DESCRIPTION 
Chip Select (CS 


A HIGH level selects the device. ALOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be LOW for 100 ns minimum (TcSsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C06/46. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling master 
freedom in preparing opcode, address and data. 


CLK is a “Don't Care" if CS is LOW (device deselected). 
if CS is HIGH, but STARTcondition has not been de- 
tected, any number of clock cycles can be received by 
the device without changing its status. (i.e., waiting for 
START condition). 


93C06/46 


for ERAL and WRAL 





CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition, the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become "Don't Care" 
inputs waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (Dl 


Data In is used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TCSL) from the falling edge of the CLK which 
clocked in the last DI bit (DO for WRITE, AO for ERASE) 
and an ERASE or WRITE operation has been initiated. 
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_ The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE cycle. 
In all other cases DO is in the HIGH-Z mode. If status is 
checked after the WRITE/ERASE cycle, a pull-up resis- 
tor on DO is required to read the READY signal. 


DI and DO can be connected together to perform a 3- 
wire interface (CS, CLK, DI/DO). 


INSTRUCTION SET - 93C06 


Start Opcode 
BIT OP1 OP2 Address 


INSTRUCTION SET - 93C46 


Start Opcode 
BIT OP1 OP2 Address 


FUNCTIONAL DESCRIPTION 


START Condition 


The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and D! 
may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and Dl 
become don't care bits until a new start condition is 
detected. 


Care must be taken with the leading dummy zero which 
is outputted aftera READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during Erase and Write cycles if the READY/BUSY 
status information is outputted by the 93C06/46. 





Number of 
Dataln | DataQOut | Req. CLK Cycles 


(RDY/BSY) 
(RDY/BSY) 
High-Z 
High-Z 
(RDY/BSY) 
(RDY/BSY) 


Number of 
Data In Data Out Req. CLK Cycles 


(RDY/BSY) 
(RDY/BSY) 
High-Z 
High-Z 
(RDY/BSY) 
(RDY/BSY) 





It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
fora “bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all modes of operation are inhibited 
until Vcc has reached 2.8V. During power-down, the 
source data protection circuitry acts to inhibit all modes 
when Vcc has fallen below 2.8V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 
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After power-up, the device is automatically inthe EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. After programming is completed, the EWDS 
instruction offers added protection against unintended 
data changes. 


READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. Adummy bit 
(logical 0) precedes the 16-bit output string. The output 
data changes during the HIGH state of the system clock 
(CLK). The dummy bit is output TPD after the positive 
edge of CLK, which was used to clock in the last address 
bit (AO). Therefore, care must be taken if DI and DO are 
connected together as a bus contention will occur for 
one clock cycle if AO has been a one. 


DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the low going edge of CS, which ever 
occurs first. 


READ MODE 


RXV WK) 


AY. NX 


AKA AXA AXKA 





WRITE MODE 


OOOO Al 
0.0000 00606 
N YOY 


DO remains stable between CLK cycles for an unlimited 
time as long as CS stays HIGH. 


The most significant data bit (D15) is always output first, 
followed by the lower significant bits (D14 - DO). 


WRITE Mode 


The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15) has to be clocked in first, 
followed by the lower significant data bits (D14 — D0). If 
a WRITE instruction is recognized by the device and all 
data bits have been clocked in, the device performs an 
automatic ERASE cycle on the specified address before 
the data are written. The WRITE cycle is completely self- 
timed and commences automatically after the rising 
edge of the CLK for the last data bit (DO). 


The WRITE cycle takes 2 ms maximum. 


sre, RXAOY OOOO OKA KX 
AWD KOO) r%.%.9.4.9.9.9.9.9.4.0.9.6 6.0.0.9 


OOOO OOO XOX) 


NEW INSTRUCTION | 


OR STANDBY (CS = 0) 


LAV TARA AAS WiARAAARRAAAARAAA 

“¢ ove 

RK ROKA RXKXXRR RXR RR 

IVY MVS 
| 


pe Tost et — et Tos. —_—— 


cs /// \_7F status “\_/7 


7 TSXY ¥ yy y y v ay ty iy 
OO AX, __ AD 
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OA OX) 
AAD 6.4. AKA 





I 

,; CHECK , 
i t 

XX X/ I 


;RDY 


{ 
| 
<— Two —Be! 
| 
NEW INSTRUCTION 


OR STANDBY (CS = 0) 
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ERASE Mode 


The ERASE instruction forces all the data bits of the 
specified address to logical "1s". The ERASE cycle is 
completely self-timed and commences automatically 
after the last address bit has been clocked in. 


The ERASE cycle takes 1 ms maximum. 


ERASE MODE 





ERA RITE Enable/Disable (EWEN, EWDS 


The device is automatically in the ERASE/WRITE Dis- 
able mode (EWDS) after power-up. Therefore, an 
EWEN instruction has to be performed before any 
ERASE, WRITE, ERAL, WRAL instruction is executed 


ERASE/WRITE ENABLE/DISABLE 


ROK KKK KKK 
LX) 
CLK BRR 


AAA EX KKK OK ~.¥,¥,",¥.74", 4,8 
a (OER 
PVN AY VY XRAY RY Or 


RARAXKK RRR) AOKI KR 


WOOK OK ICR) 


TYXY XV OCA XBOX YY 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 


by the device. For added data protection, the device 
should be put in the ERASE/WRITE Disable mode 
(EWDS) after programming operations are completed. 


OYVYYV 
ROK) 
as MA (xx 


t— Tos. —po! 


SB 


XX KIO OOOO A AMAKIK AD 
CY XY RRO XY 
AYR 





SB 


(EWDS) 
(EWEN) 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 
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ERASE All (ERAL) 


The entire chip will be erased to logical "1s" if this 
instruction is received by the device anditis inthe EWEN 
mode. The ERAL cycle is completely self-timed and 
commences after the last dummy address bit has been 
clocked in. 


ERAL takes 15 ms maximum. 


ERASE ALL 


ee’a'era’s'o's"a" eee ceeeeeeeeeeeveeeeeeeee’y’ 
ROKR EI RKO MN Orr i an' 
DOK AVONN 


OOOO XXX, 0*,9.9,9, POOAAAOQOOXAAAN 


— | 
1 


| 
cs / 7 7 iia Y status “\ y 
CHECK | 


] 
OP1 op2 : 
I 


TKK KK KK KKK IK KI OI RK) 
+ OO? +4 
BRERA RAK IA 


| 
<< Tw 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 





WRITE All (WRAL) Note: TheWRAL does notinclude an automatic ERASE 

cycle for the chip. Therefore, the WRAL instruc- 
The entire chip will be written with the data specified in tion must be preceded by an ERAL instruction 
that command. The WRAL cycle is completely self- and the chip must be in the EWEN status in both 
timed and commences after the rising edge of the CLK cases. 


eine eet date PRG) WARE akes ors iamum The WRAL instruction is used for testing and/or device 


initialization. 


WRITE ALL 


IX XAXAXAAA AXXXAKAAKM 
ee OOOO 
rralaletoretecetes RY 


| I 

sam Tos. ——- —Bei Tos. eg 

i | ! I 
cs [// \ 7 status \ y, 

{ 


| CHECK 
1 


SB OP1 OP2 DO 
AY + (x XY (xX (x (XY ¢ ¥ v Vv," 
6.0.0 0.06. 0:60'08000000.00000000 000008 ! 
AAA A A . , 


q— Tsv 
1 


J ee 
'BSY 7 Rpy 
I I 


a 


NEW INSTRUCTION | 


OR STANDBY (CS = 0) 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


93C06/46 -I /P 


J 
p 
SN 
SM 


Temperature Blank 
Range: I 
E 


93C06 
93046 
93C46X 


93C06T 
93C06/46T 
93C46XT 


CERDIP 

Plastic DIP 

Plastic SOIC (150 mil Body) 
Plastic SOIC (207 mil Body) 


0°C to +70°C 
-40°C to +85°C 
-40°C to +125°C 


256 bit CMOS Serial EEPROM 
1K CMOS Serial EEPROM 
1K CMOS Serial EEPROM with 
alternate pinouts (in SN package only) 
(in Tape and Reel) 
(in Tape and Reel) 
(in Tape and Reel) 
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93C56/66 


2K/4K 5V CMOS Serial EEPROM 





FEATURES 


Low power CMOS technology 


¢ ORG pin selectable memory organization 


— 256 x 8 or 128 x 16 bit organization (93C56) 
— 512 x 8 or 256 x 16 bit organization (93C66) 
Single 5 volts only operation 

Max clock at 2 MHz 

Self-timed ERASE and WRITE cycles 
Automatic ERASE before WRITE 

Power on/off data protection circuitry 

Industry standard 3-wire serial !/O 

Device status signal during ERASE/WRITE cycles 
Sequential READ function 

1,000,000 ERASE/WRITE cycles (typical) 
Data retention > 40 years 

8-pin PDIP/SOIC packages 

(SOIC in JEDEC and EIAJ standards) 
Available for extended temperature ranges: 

— Commercial: 0°C to + 70°C 

— Industrial: -40°C to +85°C 

— Automotive: -40°C to +125°C 

1 ms byte write time 


PIN CONFIGURATION 


DIP Package 


© 1994 Microchip Technology Inc. 


DESCRIPTION 


The Microchip Technology Inc. 93C56/66 family of Se- 
rial EEPROMs are configurable to either x16 or x8 
organization. The ORG pin is used to select the desired 
configuration. Advanced CMOS technology makes this 
device ideal for low-power non-volatile memory applica- 
tions. The 93C56/66 are available in the standard 8-pin 
DIP and 8-pin surface mount SOIC package. 


This device offers fast (1 ms) byte write and extended 
(-40°C to 125°C) temperature operation. It is recom- 
mended that all other applications use Microchip’s 
93LC56/93LC66. 


BLOCK DIAGRAM 


MEMORY 
ARRAY 


ADDRESS 
DECODER 


ADDRESS 
COUNTER 


OUTPUT 
BUFFER 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


PIN FUNCTION TABLE | 















VCC inde tekeate eee reel steeds tena 7.0V 
All inputs and outputs w.r.t. VSS .....-0.6V to Vcc +1.0V 
Storage temperature  .......... eee -65°C to +150°C Chip Select | 


Serial Data Clock 
Serial Data Input 
Serial Data Output 


Ambient temp. with power applied .... -65°C to +125°C 
Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all Pins .............scccssssesesseseseees 3 kV 


Ground 
*Notice: Stresses above those listed under “Maximum ratings” may ‘oat 
cause permanent damage to the device. This is a stress rating only and Memory Array Organization 
functional operation of the device at those or any other conditions above Connect to Vss or Vcc 


those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


Power Supply +5V 






DC AND AC ELECTRICAL Commercial (C): Tamb= O°Cto+70°C Vcc=+5V (410%) 
CHARACTERISTICS Industrial (lI): Tamb =-40°C to +85°C Vcc =+5V (410%) 
(Note 2) Automotive (E): Tamb=-40°C to+125°C Vcc =+5V (+10%) 


pwaratr | Symbot |_wm | woe | Unie 
Vcc detector threshold VTH | pg 
















Conditions 





















High level input voltage VIH 
Low level input voltage Vit 


High level output voltage VOH 


Low level output voltage VOL 


el 
Input leakage current a ae 
Output leakage current a 
Output capacitance | Cour | — | 
Input capacitance | CN fo — 
ee 
ee 
baeee oil 


loH = -400 pA 


loL=2.1mA 
VIN = OV to Vcc 


VouT = OV to Vcc 


> 


oF 

Operating current (all modes) mA 
E/W Cycles 

Clock frequency | Fox | | 
Clock high time 
Clock low time 25 
Chip select setup time i 
Chip select hold time 
Chip select low time 
Data input setup time TbIS 
Data input hold time 
Data output delay time 


Data output disable time 


Status valid time 


alee 


Relative to CLK 


Relative to CLK 


Relative to CLK 


Relative to CLK 


ERAL & WRAL mode 


Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. It is periodically sampled and not 100% tested. 
Note 2: For operation above 85°C, endurance is rated at 10,000 ERASE/WRITE cycles. 


10 
0 





© 


Program cycle time 
(auto ERASE and WRITE) 


io) 
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INSTRUCTION SET FOR 93C56 


ORG = 1 (x 16 organization) 




























Tiaution | 38 [opcode | address | atin | DataOut_| few CLK Oycls 
‘a. |. 4 (seemeuael « lane | 
pEewEN, [| 1 | 00 [11x xXx xXxX xX] — | Hihz | 1 | 
PERASE | 1 | 11 | X ABASA4AZAZA1AO | — | (RDY/SY) | 11 
FERAL | 1 p41 oxxXxXxxX xX] — | (Rovesy | oom 
ae AS A4 A3 A2 A1 AO | D15-DO | (RDY/BSY) | 27 

- 
a 


ORG = 0 (x 8 organization) 


|X AT AB AS AAAS AZ AL AO | — | D7-D0_ 
Wax x x x x x xX [| [High 
— 
paca 


X A7 A6 AS A4 A3 A2 A1 AO 


wT 


7 
(RDY/BSY 
RDY/BSY 


(RDY/BSY) 
D7-DO | (RDY/BSY) 


S 





INSTRUCTION SET FOR 93C66 


ORG = 1 (x 16 organization) 






















Tintucion | $8 [opcode] Address ‘| Detain | oataout | Rea. CLK Gyciee 
ae 1c) eee a 
pEwen {| 1] 07 [11x xX xxx x] — | Hinz [on 
}ERASE | 1 | 11 | A7AGASA4AZAZA1AO | — | (RDY/BSY) | 11 
PERAL | 1 | oF | 10x XxX xX XxX | — _ | (RDY@SY) | ot 
|WRITE | 1 | 01 | A7 AB AS A4 AZ AZ A1 AO | D15-DO | (RDY/BSY) | ss 27_ i 
|WRAL | 1 | 00 | 0 1X X X X _X_X_| D15-DO| (RDY@BSY) | 27_ 












ORG = 0 (x & organization) 




















[ietruction| $8] Opcode | ____—Addross__—_—*|‘Datain | Data Out | Rog, CLK Cyotes 
frean [1] 10 [asarasasmasazaran | — | or-oo | 2 
pEweN | 1 { 0 [11x xxxx xx {| — | Hinz | 12 
PERASE | 1 | 11 | A8A7AG AS A4 AZ AZ AT AO | — | (RDY/BSY) |  —s 12S 
PERAL | 1 | oF =| 1 0X XX Xxx x | — | (RDveSsY)| 12 
|wrire | 1 | 01 | A8 A7 AGB AS A4 AB AZ AT AO | D7-DO| (RDY/BSY) | = 20 
pwraL | 1 {| 00 |o 1 xX X X X X X X | D7-Do| (RDY/SY) | 20 
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FUNCTIONAL DESCRIPTION 


The 93C56/66 family can be organized x16 or x8. When 
the ORG pin is connected to Vcc, the (x16) organization 
is selected. When it is connected to ground, the (x8) 
organization is selected. If the ORG pin is left uncon- 
nected, then an internal pullup device will select the 
(x16) organization. Instructions, addresses and write 
data are clocked into the DI pin on the rising edge of the 
clock (CLK). The DO pin is normally held in a high-Z 
state except when reading data from the device, or when 
checking the ready/busy status during a programming 
operation. The ready/busy status can be verified during 
an Erase/Write operation by polling the DO pin; DO low 
indicates that programming is still in progress, while DO 
high indicates the device is ready. The DO will enter the 
high-Z state on the falling edge of the CLK. 


START Condition 


The START bit is detected by the device if CS and Dl are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


DI/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all modes of operation are inhibited 
until Vcc has reached 2.3 V. During power-down, the 
source data protection circuitry acts to inhibit all modes 
when Vcc has fallen below 2.3 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. After programming is completed, the EWDS 
instruction offers added protection against unintended 
data changes. 


READ 


The READ instruction outputs the serial data of. the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit (x8 
organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable after 
the specified time delay (TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output se- 
quentially. 


ERASE/WRITE ENABLE AND 
DISABLE 


The 93C56/66 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data changes, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN and 
EWDS instructions. 


ERASE 


The ERASE instruction forces all data bits of the speci- 
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TCSL). DO at logical “O" indicates that programming - 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 


The ERASE cycle takes 1 ms per byte maximum. 


WRITE 


The WRITE instruction is followed by 16 bits (or by 8 bits) 
of data which are written into the specified address. 
After the last data bit is put on the DI pin, CS must be 
brought low before the next rising edge of the CLK clock. 
This falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 
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The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
(Tcst). DO at logical “O" indicates that programming is 
still in progress. DO at logical "1" indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 


The WRITE cycle takes 1 ms per byte maximum. 


ERASE ALL 


The ERAL instruction will erase the entire memory array 
to the logical "1". The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TCSL). 


The ERAL cycle takes 15 ms maximum. 


WRITE ALL 


The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does not include an 
automatic ERASE cycle for the device. Therefore, the 
WRAL instruction must be preceded by an ERAL in- 
struction and the chip must be in the EWEN status in 
both cases. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TCSL). 


The WRAL cycle takes 15 ms maximum. 


PIN DESCRIPTION 


Chip Select (CS 


A HIGH level selects the device. ALOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be LOW for 100 ns minimum (TCSL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (CLK) 


The Serial Clock is used to synchronize the communica- 
tion between a master device andthe 93C56/66. Opcode, 
address, and data bits are clocked in on the positive 
edge of CLK. Data bits are also clocked out on the 
positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 


CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been. 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (Dl 


Data In is used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DQ) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TCSL) and an ERASE or WRITE operation has 
been initiated. 


Organization (ORG) 


When ORG is connected to Vcc, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. When ORG is left 
floating, an internal pullup device will select the device in 
(x16) organization. 





Test 


This pin is used for test mode only. It is recommended 
to connect to Vcc or Vss for normal operation. 
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TIMING DIAGRAMS 
SYNCHRONOUS DATA TIMING 


DO 
(READ) 


DO 
(PROGRAM) 


TRI-STATE 


e Address bit A7 becomes a “don,t care” (x16 mode) on 93C56. 
e Address bit A8 becomes a "don,t care” (x8 mode) on 93C56. 
* The memory automatically cycles to the next register. 





EWEN 
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TIMING DIAGRAMS (Cont.) 
EWDS 





WRITE 


TRI-STATE 


e Address bit A7 becomes a “don,t care" (x16 mode) on 93C56. 


¢ Address bit A8 becomes a “don,t care" (x8 mode) on 93C56. 


TRI-STATE 


© 1994 Microchip Technology Inc. 


5-181 





DS11180A-page 7 





93C56/66 


TIMING DIAGRAMS (Cont.) 
ERASE 


<A 


STANDBY 


Ta 


50 TRISTATE pusy READY KO RUSTATE 


e Address bit A7 becomes a “don,t care" (x16 mode) on 93C56. 
An | A7 | A8 | Address bit A8 becomes a "don,t care” (x8 mode) on 93C56. 





ERAL 


i 


TCSst 
<> 
| | , 


STANDBY 


LLLLLLLLLLY» 


Ta 


re TRI-STATE 
TRI-STATE —— READY 
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NOTES 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the - 
factory or the listed sales offices. 


PART NUMBERS 
93C56/66 - /P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC 107 mil Body 


PLASTIC SOIC (207 mil Body 


TEMPERATURE Blank 0°C to +70°C 
RANGE: I -40°C to +85°C 
E -40°C to +125°C 


DEVICE TYPE: 93C56 2K CMOS Serial EEPROM 
93C56T 2K CMOS Serial EEPROM (in Tape and Reel Form) 

93C66 4K CMOS Serial EEPROM 
93C66T 4K CMOS Serial EEPROM (in Tape and Reel Form) 
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MicROCHIP 93 LC46/ 56/ 66 


1K/2K/4K 2.0V CMOS Serial EEPROM 





FEATURES DESCRIPTION 

¢ Single supply with programming operation down to The Microchip Technology Inc. 93LC46/56/66 are 1K, 
2.0V (Commercial only) 2K and 4K low voltage serial Electrically Erasable 

e Low power CMOS technology PROMs. The device memory is configured as x8 or x16 
— 1mA active current typical bits depending on the ORG pin setup. Advanced CMOS 
— 5A standby current (typical) at 3.0V technology makes these devices ideal for low power 

e ORG pin selectable memory configuration non-volatile memory applications. The 93LC Series is 
128 x 8 or 64 x 16 bit organization (93LC46) available in standard 8-pin DIP and 8/14-pin surface 
256 x 8 or 128 x 16 bit organization (93LC56) mount SOIC packages. The 93LC46X/56X/66X are 
512 x 8 or 256 x 16 bit organization (93LC66) offered in "SN" package only. 

e Self-timed ERASE and WRITE cycles 
(including auto-erase) 

e Automatic ERAL before WRAL aCe ean 

e Power on/off data protection circuitry 

e Industry standard 3-wire serial I/O 

e Device status signal during ERASE/WRITE cycles 

e Sequential READ function | 

e 1,000,000 ERASE/WRITE cycles (typical) MEMORY ADDRESS 

° Data retention > 40 years DECODER 

e 8-pin PDIP/SOIC and 14-pin SOIC package 


(SOIC in JEDEC and EIAJ standards) 
Available for extended temperature ranges: 


— Commercial: 0O°C to +70°C ADDRESS 
COUNTER 
— Industrial: -40°C to +85°C 


OUTPUT 


P 


MODE 
DECODE 
LOGIC 





PIN CONFIGURATION 


DIP Package 


93LC46 93LC46 93LC46X 93LC56 
93LC56 93LC56 | 93LC56X 93LC66 
93LC66 93LC66 93LC66X 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


PIN FUNCTION TABLE | | | 


















ee Se eer ae bts NTOV 3 
Chip Select | 

All inputs and outputs w.r.t. Vss .... -0.6V to Vcc +1.0V ae pee Clock 

Storage temperature oo... eeeeesees -65°C to +150°C | 


Serial Data Input 


Ambient temp. with power applied .....-65°C to +125°C Serial Data Output 


Soldering temperature of leads (10 seconds) ..+300°C 


ESD protection on all pins 4kV vase 

! WINS 3 eccitceseciwseari owes sedetiusccsves : : 
“Notice: Stresses above those listed under “Maximum ratings” may Memory Configuration 
cause permanent damage to the device. This is a stress rating only and Not Utilized 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not No Connect 


implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. ; 


Power Supply 


DC AND ACELECTRICAL  =— Commercial Voc = +2.0V to +6.0V (C): Tamb= 0°C to +70°C 
CHARACTERISTICS Industrial Vcc = +2.5V to +6.0V (I): Tamb = -40°C to +85°C 


High levelinputvolage | Ven | 20 | Voost| V | Voos2.8V 
vo <2.5V 


Low level input voltage Vit1 VDD 2 2.5V 
ViLt2 VDD < 2.5V 
Low level output voltage 


lot = 2.1 mA; Vcc = 4.5V 
High level output voltage 


lol =100 pA; Vcc = Vcc Min. 
Input leakage current 


IOH = -400 A; Vcc = 4.5V 
| 
Output leakage current 


OH = -100 pA; Vcc = Vcc Min. 
VIN = 0.1V to Vcc 

Internal capacitance 

(all inputs/outputs) 

Operating current 


VouT = 0.1V to Vcc 
Standby current 


Vin/VouT = 0 V (Note 1 & 3) 
Clock frequency 2 MHz 
MHz 


m FCLK = 2 MHz; Vcc = 6.0V 
FCLK = 1 MHz; Vcc = 3.0V 
- | Clock low time 


CLK = CS = OV; Vcc = 6.0V 
CLK = CS = OV; Vcc = 3.0V 
oyele 
Vcc < 4.5V 
ee a 
ae 
7 
7 
i 


Status valid time _ TSV 
Two 


pA 
pA 
pF 
mA 

A 


Relative to CLK 
Relative to CLK 


ERAL mode 
WRAL mode 


Note 1: This parameter is tested at Tamb = 25°C and Fcik = 1 MHz. : | 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100% tested. | 
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INSTRUCTION SET FOR 93LC46: ORG = 1 (x 16 organization) 


__Instruction | SB_| Opcode | _—Address_— | Datain | DataOut | Req. CLK Cycles 


[10 [AS ASASAZATAO [iSO 
eC an a ee ae ee ee ee ee 
pai TAS AGAZAZA1AO | — [| (RDY/BSY) [| 
| oo | 10x xxx [| — {(Rovesy)[ 9 
| O01 | AS ASASAZATAO | DI5-DO]| (RDY/BSY) | 25 
| oof Ot XX XX | D15-Do | (RDY/BSY) | 

| oo | oo XXXX [ = J HighzZ 




































<I< 






g 








a e 
eas: Tae 
Data Out | Req. CLK Cycles 
A6 AS A4 A3 A2 Al AO 
11X X X X X 


ie ed. 1 ae es | 
| 00 ee Z| 10 
| 11 | ABASAGAZAZA1A0 |  — | (RDY/BSY) | 10 
| 00 | TO XX XXX | — _ 4 (RDVBSY) {| 10 
| ot | D7-DO_ y) | 18 
| 00 eee |: 
| 00 re 























A6 AS A4 A3 A2 A1 AO D7 - DO 3D ¥ 
O1X X X X X D7 - DO 
00 X X X X X 































Opcode Data Out | Req. CLK Cycles 
XAGBASA4 AZ A2A1A0 | — | D15-DO | | 
114xXxXxXxXxXxX | — | _ Highz | 
XAG A5A4A3A2A1A0 | — _ [| (RDY/B 
| oo 


TREAD Tt 5-Do [a7 
ie SS, | Saas 
BSY) | 1 

o XX _X XX X 
BSY) | a7 
psy) | a7 
-Z 


| 10 
EWEN {| 1 | 00 
| ERASE {| 4 | ot 
| ERAL | 1 {| 00 
| ot 
| 00 
| 00 





ah 


WRITE ae ae 
WRAL | 1 | 
EWDS i 


X A6 A5 A4A3 A2A1A0 | D15-DO | (RDY/B 
0O1X xX X X X X | D15-Do | (RDY/BS 
ooxXXXXXX | — | HighZ | ot | 














X X X X XK X 


X A7 AG AS A4 A3 A2 Al AO 


X X X X X X 
X _X X 





4 
12 
12 


| Datain | DataOut | Req. CLK Cycles 


JABA7ZAGASA4ASAZATAQ  — | D7-DO | 20 | 
pt axXxXxXxXxXxX xX! — | HighZ | 12 
ABATAGBASA4AZAZA1AQ  — | (RDY/BSY) | 12 
[1 OX XXX XXX} — | (RDY/BSY) | 12 

| D7-DO | (RDY/BSY) | 20 
| D7-DO | (RDY/BSY) | 20 
ee 7 ae ee eee 
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FUNCTIONAL DESCRIPTION 


When the ORG pin is connected to Vcc, the (x16) 
organization is selected. When itis connected to ground, 
the (x8) organization is selected. Instructions, ad- 
dresses and write data are clocked into the DI pin on the 
rising edge of the clock (CLK). The DO pin is normally 
held in a high-Z state except when reading data from the 
device, or when checking the ready/busy status during 
a programming operation. The READY/BUSY status 
can be verified during an Erase/Write operation by 
polling the DO pin; DO low indicates that programming 
is still in progress, while DO high indicates the device is 
ready. The DO will enter the high-Z state on the falling 
edge of the CS. | 


START Condition 


The START bit is detected by the device if CS and Dl are 
both HIGH with respect to the positive edge of CLK for 
the first time. 





Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


DIDO 


it is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
fora “bus conflict" to occur during the “dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
Circuitry acts to inhibit all programming modes when Vcc 
has fallen below 1.4V at nominal conditions. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. | 


After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. | 


READ 


The READ instruction outputs the serial data of the 


_ addressed memory location on the DO pin. A dummy | 


zero bit precedes the 16 bit (x16 organization) or 8 bit (x8 
organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable after 
the specified time delay (Tep). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output se- 
quentially. 


ERASE/WRITE ENABLE AND 
DISABLE | 


The 93LC46/56/66 powers up in the Erase/Write Dis- 
able (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN and 
EWDS instructions. 


ERASE 


The ERASE instruction forces all data bits of the speci- 
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcSsL). DO at logical "0" indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 


The ERASE cycle takes 4 ms per word (Typical). 


WRITE 
The WRITE instruction is followed by 16 bits (or by 8 bits) 


of data which are written into the specified address. 


After the last data bit is put on the DI pin, CS must be 
brought low before the next rising edge of the CLK clock. 
This falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical “O" indicates that programming 
is still in progress. DO at logical “1" indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 


The WRITE cycle takes 4 ms per word (Typical). 
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ERASE ALL 


The ERAL instruction will erase the entire memory array 
to the logical"1" state. The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at Vcc = 
+4.5V to +6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250. ns low 
(TCSL). 


The ERAL cycle takes 15 ms maximum (8 ms typical). 
WRITE ALL 


The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERAL cycle forthe device. Therefore, the WRAL instruc- 
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at Vcc = +4.5V to +6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 


The WRAL cycle takes 30 ms maximum (16 ms typical). 
PIN DESCRIPTION 


Chip Select (CS 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. 


CS must be LOW for 250 ns minimum (TcSsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (CLK) 


The Serial Clock is used to synchronize the communica- 
tion between a master device and the 93LCXX. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. Data bits are also clocked out on the positive 
edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TckKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 


CLK is a “Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clockcycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (Dl) 


Data lnis used toclockinaSTART bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TCSL) and an ERASE or WRITE operation has 
been initiated. 


Organization (ORG) 


When ORG is connected to Vcc or floated, the (x16) 
memory organization is selected. When ORG is tied to 
Vss, the (x8) memory organization is selected. ORG 
can only be floated for clock speeds of 1 MHz or less for 
the (X16) memory organization. For clock speeds 
greater than 1 MHz, ORG must be tied to Vcc or Vss. 
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TIMING DIAGRAMS 


SYNCHRONOUS DATA TIMING 


ViH 
cs 


Vit 


ViH 
CLK 


Vit 


ViH 
Di 


Vit 


DO VOoH 


(READ) 


DO VOH 
(PROGRAM) Vee STATUS VALID 


e The memory automatically cycles to the next register. 
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TIMING DIAGRAMS (Cont.) 


TRI-STATE : TRI_STATE 


STANDBY 


LXEXKEXEXEN 


1 ———— 
TRI-STATE : if TRI-STATE 


Guarantee at Vcc = +4.5V to +6.0V 


TRI-STATE 


Test 


<P 
cs / STANDBY 


1 0 0 1 0 MN pf f, VIJMMIX 


TRI-STATE TRI-STATE 


Guarantee at Vcc = +4.5V to +6.0V 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. | | 


PART NUMBERS 
93LC46B/56B/66B - /P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 8-Lead 
PLASTIC SOIC (207 mil Body) 8-Lead 
PLASTIC SOIC (150 mil Body) 14-Lead 


TEMPERATURE Blank 0°C to +70°C 
RANGE: | 


-40°C to +85°C 


DEVICETYPE: [Configuration | 
in Alternate Pinouts (SN pkg. onl 
CMOS Serial EEPROM 93LC46T/56T/66T 
In Tape & Reel 


CMOS Serial EEPROM 93LC56XT/66XT 
In Tape & Reel 





DS11168G-page 8 © 1994 Microchip Technology Inc. 
5-192 


MicROCHIP 





93LC46B/56B/66B 


1K/2K/4K 2.0V CMOS Serial EEPROM 





FEATURES 


Single supply with programming operation down to 
2.0V (Commercial only) 

Low power CMOS technology 

— 1mdA active current typical 

— 5A standby current (typical) at 3.0V 
x16 bit organization 

64x16 (93LC46B) 

128x16 (93LC56B) 

256x16 (93LC66B) 

Self-timed ERASE and WRITE cycles 
(including auto-erase) 

Automatic ERAL before WRAL 

Power or/off data protection circuitry 
Industry standard 3-wire serial I/O 

Device status signal during ERASE/WRITE cycles 
Sequential READ function 

1,000,000 ERASE/WRITE cycles (typical) 
Data retention > 40 years 

8-pin PDIP/SOIC and 14-pin SOIC package 
(SOIC in JEDEC and EIAJ standards) 
Available for extended temperature ranges: 
— Commercial: 0°C to +70°C 

-—— Industrial: -40°C to +85°C 


PIN CONFIGURATION 


DIP Package 


93LC46B 93LC46B 
93LC56B 93LC56B 
93LC66B 93LC66B 
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DESCRIPTION 


The Microchip Technology Inc. 93LC46B/56B/66B are 
1K, 2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x16. 
Advanced CMOS technology makes these devices ideal 
for low power non-volatile memory applications. The 
93LC Series is available in standard 8-pin DIP and 8/14- 
pin surface mount SOIC packages. 


BLOCK DIAGRAM 


MEMORY ADDRESS 
ARRAY DECODER 


ADDRESS 
COUNTER 


— — | T 


MODE 


CLOCK 
GENERATOR 





SOIC Packages 


93LC46BX 93LC56B 
93LC56BX 93LC66B 
93LC66BX 
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PIN FUNCTION TABLE | 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 














(clo AREER ETE RE ator TATE SER PERG 7 Er 7.0V = 
All inputs and outputs w.r.t. Vss .... -0.6V to Vcc +1.0V Chip Select 
Storage temperature  ............eseeees -65°C to +150°C Serial Data Clock 


Serial Data Input 
Serial Data Output 


Ambient temp. with power applied .....-65°C to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C 


ESD protection on all pins ..............:.sssscssssssreeeees 4kV Ground 
“Notice: Stresses above those listed under “Maximum ratings” may No Connect 
cause permanent damage to the device. This is a stress rating only and ae 
functional operation of the device at those or any other conditions above Not Utilized 
those indicated in the operational listings of this specification is not 


implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


Power Supply 








DC AND AC ELECTRICAL Commercial Vcc = +2.0V to +6.0V (C): Tamb= 0°C to +70°C 
CHARACTERISTICS | Industrial Vcc = +2.5V to +6.0V (I): Tamb = -40°C to +85°C 


[Parameter | Symbol _ 


High level input volage | Vien | 20 | Vccei] V |Voosa5v i 
‘aha spats xa ae CP 
flowtwatneavotaee [vis [as Top {v [venngsy 
[we | 03 [ozvecl v | voo<2sv 
[ow evelouputvotlage | vor | — | o4 | V|ius21majvoonagv 
Saini se. cane See 
aptmeteupavotaoe [vou | “2a —[ — "| Vote 400 ua vor =A 
Veco2 | — | V_ | 
es 













lOH = -100 A; Voc =Vcc Min. 
Input leakage current Pou | 


Mut VIN = 0.1V to Vcc 
Output leakage current 


VouT = 0.1V to Vcc 


7 pF Vin/VouT = 0 V (Note 1 & 3) 
| Tamb = +25°C, Foik = 1 MHz 
| 3 | mA 









Internal capacitance CINT 
(all inputs/outputs) 
Operating current [oo 












FCLK = 2 MHz; Vcc = 6.0V 
FCLK = 1 MHz; Vcc = 3.0V 
CLK = CS = OV; Vcc = 6.0V 
CLK = CS = OV; Vcc = 3.0V 






Standby current Iccs | 





Clock frequency FCLK 


[Clockhightime | Town | 250 
[Clockiowtime | Toa | 250 
[Chip select setuptime | Toss | 50 
[Chip selecthoidtime | Tesw | 0 
[Chipselectiowtime | _Tou_| 250 
|Datainputsetuptime —s—s|_—s Tos’ S| 100” 
input hol ti 100 
a 

ines 

ee 











Data input hold time 


elative to CLK 
Data output delay time | TP 


R 
ERASE/WRITE mode (Note 2) 
ERAL mode 


WRAL mode 


TPD 
Data output disable time 
Tsv 


Status valid time 





Program cycle time 


pace | 
Laie 
| ons 
| ns 
pas 
[ns | RelativetoCiK 
| ns 
| ns 
[ns 
| ns 
[ms 
| ms 


Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100% tested. 
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INSTRUCTION SET FOR 93LC46B 


A5 A4 A3 A2 A1 AO | D15-DO | 
01x XXX | D15- DO | 
00xX XxX X 











| SB_| Opcode| Address | Dataln_| DataOut | Req. CLK Cycles 
XABASA4 AZA2A1A0 | — | DI5-DO | 27 | 
11x XXX XX | — | HighZ | 
fo 

ce ee 




















a ae 27 

| oo | Z 

| 11 | XAG AS A4 AB A2 At AO _ 
| 00} 1 OX XX XXX | |(RDY/BSY) | 11 
| 01 | ~XABASA4A3ZA2A1A0 | D15-DO| (RDY/BSY) | 27 
| 00 =| OC 41 XX X X XX | DI5-DO|(RDY/BSY) | 27 
| oo | OOXXXXxXX | — | HighZ [11 


oo ee 
a ae 
WRAL a ae 
oe ee 


| Instruction | SB | Opcode| __—=—Address__—|_‘Datain | DataOut | Req. CLK Cycles 


0 A7 A6 A5 A4 A3 A2 Ai AO 





















eq. 
ar |: ere eae Lo} es ee ee ee 
| oof tt XX XxXxXxX | — | Highz | 
| 11 | AZABASAZAZA2A1AO |  — | (RDY/BSY) | 1 
| 00 | 1 OXXXXXxX | — | (RDY/BSY) | 11 
| 01 || AZABASA4AZAZA1AO | DI5-DO| (RDY/BSY) | 27 
| oo =| O41 XX X X X X | DI5-DO]| (RDY/BSY) | 27 
| 00 | OOXXXXxXX | ~— | HighZ [oo 





a a a A Eo ETE 
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FUNCTIONAL DESCRIPTION 


Instructions, addresses and write data are clocked into 


the DI pin on the rising edge of the clock (CLK). The DO. 


pin is normally held in a high-Z state except when 
reading data from the device, or when checking the 
ready/busy status during a programming operation. The 
ready/busy status can be verified during an Erase/Write 
operation by polling the DO pin; DO low indicates that 
programming is still in progress, while DO high indicates 
the device is ready. The DO will enter the high-Z state 
on the falling edge of the CS. 


START Conditic 


The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


DYDO | 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
Circuitry acts to inhibit all programming modes when Vcc 
has fallen below 1.4V at nominal conditions. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically inthe EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. 


READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) output 
string. The output data bits will toggle on the rising edge 
of the CLK and are stable after the specified time delay 
(TPD). Sequential read is possible when CS is held high. 
The memory data will automatically cycle to the next 
register and output sequentially. 


ERASE/WRITE ENABLE AND 
DISABLE 


The 93LC46B/56B/66B powers up in the Erase/Write 
Disable (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN and 
EWDS instructions. 


ERASE 


The ERASE instruction forces all data bits of the speci- 
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcSL). DO at logical "0" indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 


The ERASE cycle takes 4 ms per word (Typical). 


WRITE 


The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. After the 
last data bit is put on the D! pin, CS must be brought low 
before the next rising edge of the CLK clock. This falling 
edge of CS initiates the self-timed auto-erase and pro- 
gramming cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical "0" indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 


The WRITE cycle takes 4 ms per word (Typical). 
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ERASE ALL 


The ERAL instruction will erase the entire memory array 
to the logical “1" state. The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at Vcc = 
+4.5V to +6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 


(TCSL). 
The ERAL cycle takes 15 ms maximum (8 ms typical). 
WRITE ALL 


The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERAL cycle forthe device. Therefore, the WRAL instruc- 
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at Vcc = +4.5V to +6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 


The WRAL cycle takes 30 ms maximum (16 ms typical). 
PIN DESCRIPTION 


hip Sel 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. lf CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. 


CS must be LOW for 250 ns minimum (TcSsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (CLK) 


The Serial Clock is used to synchronize the communica- 
tion between a master device and the 93LCXXB. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. Data bits are also clocked out on the positive 
edge of CLK. 


93LC46B/56B/66B 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 


CLK is a “Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clockcycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (DI 


Data Inis used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TCSL) and an ERASE or WRITE operation has 
been initiated. 
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TIMING DIAGRAMS 


SYNCHRONOUS DATA TIMING 


ViH 
cs 


DO VOH 


(READ) 


po Vox 


(PROGRAM) STATUS VALID 
VOL 


¢ The memory automatically cycles to the next register. 


READ 
cs 


e TULL PL, FLA, LLP 


1 1X o Can XK 209 X A | 
es STATE eh Ko XX 00K BK: eX 00 X De XK sve COOEO 


Tri-State is a trademark of National Semiconductor. 
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TIMING DIAGRAMS (Cont.) 


WRITE lt es oa a 
0 /\s Nm XEXEXEXEXEN 


me TRISTATE BUSY READY 







i] 
i] 
i] 
J 
\ 
’ 
‘ 
i 
1 — 
TRI-STATE BUSY READY TRISTATE 


Guarantee at Vcc = +4.5V to +6.0V 


Test 
<i - 


E a TRI-STATE 
TRI-STATE BUSY READY er 


STANDBY 


Twc 


Tos. 
OO <i 
cs STANDBY 


ae TRI-STATE , BUSY READY 


TRI-STATE 


Guarantee at Vcc = +4.5V to +6.0V = 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. : 


PART NUMBERS 
93LC46B/56B/66B - /P 


PACKAGE: P PLASTIC DIP 
SN PLASTIC SOIC ; 50 mil B00) 8-Lead 


SM PLASTIC SOIC 
SL PLASTIC SOIC 


207 mil Body 
150 mil Body 


8-Lead 
14-Lead (93LC56B/93LC66B) 


TEMPERATURE Blank 0°C to +70°C 
‘ RANGE: | -40°C to +85°C 


saa ae Coniiguration eRe aE 
CMOS Serial EEPROM 93LC46B/56B/66B 


CMOS Serial EEPROM 93LC46BX/56BX/66BX 

In Alternate Pinouts (SN pkg. onl 

CMOS Serial EEPROM 93LC46BT/56BT/66BT 

In Tape & Reel : 

CMOS Serial EEPROM 93LC46BXT/56BXT/66BXT 
In Tape & Ree! 
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93AA46/56/66 





1K/2K/4K 1.8V CMOS Serial EEPROM 





FEATURES 


Single supply with programming operation down to 
1.8V 
¢ Low power CMOS technology 

— 70 uA typical active READ current at 1.8V 

— 2A typical standby current at 1.8V 
¢ ORG pin selectable memory configuration 
128 x 8 or 64 x 16 bit organization (93AA46) 
256 x 8 or 128 x 16 bit organization (93AA56) 
512 x 8 or 256 x 16 bit organization (93AA66) 
Self-timed ERASE and WRITE cycles 
(including auto-erase) 
Automatic ERAL before WRAL 
Power on/off data protection circuitry 
Industry standard 3-wire serial 1/O 
Device status signal during ERASE/WRITE cycles 
Sequential READ function 
1,000,000 ERASE/WRITE cycles (typical) 
Data retention > 40 years 
8-pin PDIP/SOIC 
(SOIC in JEDEC and EIAJ standards) 


PIN CONFIGURATIONS 


DIP Package 


93AA46 
93AA56 
93AA66 
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93AA46 
93AA56 
93AA66 





DESCRIPTION 


The Microchip Technology Inc. 93AA46/56/66 are 1K, 
2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x8 or x16 
bits depending on the ORG pin setup. Advanced CMOS 
technology makes these devices ideal for low power 
non-volatile memory applications. The 93AA Series is 
available in standard 8-pin DIP and surface mount SOIC 
packages. The rotated pin-out 93AA46X/56X/66X are 
offered in the "SN" package only. 


BLOCK DIAGRAM 


ADDRESS 
DECODER 


~ | T 


MODE 


SOIC Packages 


93AA46X 
93AA56X 
93AA66X 
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ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 
Maximum Ratings* | | ae 

VOC cinstinse aerate Maier calbciare Seeateeahs tae sesso 1.OV 

All inputs and outputs w.r.t. Vss .... -0.6V to Vcc +1.0V ) Chip Select 
Storage temperature § ...........eeeeeeeeee -65°C to +150°C Serial Data Clock 
Ambient temp. with power applied .....-65°C to +125°C Serial Data Input 
Soldering temperature of leads (10 seconds) .. +300°C Serial Data Output 
ESD protection on alll pins ...........sscseeseeeesees sone 4 kV Ground 

caus permanent carnagets fe device This axrose rang Gniy an Memory Configuration 
functional operation of the device at those or any other conditions above Not Utilized 

those indicated in the operational listings of this specification is. not 

implied. Exposure to maximum rating conditions for extended periods Power Supply 





may affect device reliability. 








DC AND AC ELECTRICAL CHARACTERISTICS Vcc = +1.8V to +5.5V 
Commercial (C): Tamb= 0°C to +70°C 


| Parameter | Symbol] Min | Typ | Max | Units _| Conditions 


a a Voc +1 | Vpp>2.5V 
Vp < 2.5V 
ViLt1 VoD 2 2.5V 
ViL2 
VoL2 
fut 
ILo 







< 


VoD < 2.5V 
High level output voltage VOH1 
VoH2 V 


lo =2.1 mA; Voc = 4.5V 
OL =100 pA; Vcc = 1.8V 
lOH = -400 pA; Voc = 4.5V 
PHA | 
Internal capacitance CINT 
et 
| mA 


IOH = -100 LA; Vcc = 1.8V 
VIN = 0.1V to Vcc 
Operating current Cc write 
Icc read 


VouT = 0.1V to Vcc 

pF Vin/VouT = OV (Note 1 & 2) 
Tamb = +25°C, Fcik = 1 MHz 
FCLK = 2 MHz; Vcc = 5.5V (Note 2) 
FCLK = 2 MHz; Vcc = 5.5V 

FCLK = 1 MHz; Vcc = 3.0V 

FCLK = 1 MHz; Vcc = 1.8V 

CLK = CS = OV; Vcc = 5.5V 

CLK = CS = OV; Vcc = 3.0V 

CLK = CS = OV; Vcc = 1.8V 


2 
? 
°o 
ho 
> 


3 
> 









Standby current Iccs 











ah 
= s 
oO © 
: 8 


Clock frequency FCLK Vec > 4.5V 


Vcc < 4.5V 
Clock high time 


Clock low time 

Chip select setup time 
Chip select hold time 
Chip select low time 
Data input setup time 
Data input hold time 
Data output delay time 


Relative to CLK 
Relative to CLK 





elative to CLK 
elative to CLK 
L= 100 pF 


PD 


; slaaalaalaae 
5|< FIH|C|SIRIAIA 
a ol 


m 
QO) 


Data output disable time Tcz CL = 100 pF (Note 2) 
Status valid time Cui = 100 pF 
Program cycle time ERASE/WRITE mode 


RAL mode (Vcc = 5V + 10% 
WRAL mode (Vcc = 5V + 10% 


+ 
= 
= 


Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
Note 2: This parameter is periodically sampled and not 100% tested. 
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INSTRUCTION SET FOR 93AA46: ORG = 1 (x 16 organization) 




























[Instruction | _SB_| Opcode | _—Address_—|_Datain | DataOut | Reg. CLK Cycles | 
[READ | i | 0 [ABA ASAZATAO[ — | DiS-DO [a 
PeweN | a {| oo Of tt XXXX | — | Highz Po 9 
PERASE | 1 [1 [AS AG ASAZATAO | — | (RDY/BSY) [ 
PERAL {| 1 {| oo | 410xXXXX | — | (RDYBSY)| 9 | 
pwealre | 1 | Ot] CAS ASASAZA1AO | D15-DO | (RDY/BSY) | 25 
| WRAL | 1 | 00s | SX XXX | DI5-DO 
| ewos | 1 | 00 SO] COX XXX | — | Highz [| 9 














INSTRUCTION SET FOR 93AA46: ORG = 0 (x 8 organization) 


[Instruction | SB | Opcode | _—_— Address | Datain | DataOut_| 


| 10 =| CAG ASA4ABA2A1A0 | — | 

| oo | tt XXXXX | — | HighZ 
et 
ae 


Req. CLK Cycles 
























aie eae 
ae re 
| ERASE | 1 | 11 | AB ASA4ABZA2ZA1A0__| 
PERAL | 1 | oof] tO XX XXX | 
| write [| 7 | ot AB ASA4AZAZA1A0_ | D7-DO | (RDY/BSY) | 
| 4 | 00 7 - DO 
| 1 {| 00 


WRAL 
EWDS 0 0X X XK XK X 


| Instruction | SB | Opcode Req. CLK Cycles 


READ 1 
EWEN 1 1 1X X X X X X 
ERASE X A6 A5 A4 A3 A2 Al AO 


| 00 

| ERAL | a | 00sf] 1 OX X XX XX | 
| 00 
| 00 


O 
< 
ee) 
g 
< 
ak | od 


WRITE 1 XA6 A5 A4 A3 A2A1A0 | D15-DO | (RDY/BSY 
WRAL 01x X X X X X_| D15-Do | (RDY/BSY 
EWDS 0oxX XX XXX High-Z 


no |r |— nm 
NIN |= “I 


| EWEN | 1 | 00 sf 41 X X X XX XX 








Req. CLK Cycles 


















READ 
EWEN 


P41 [0 AZ AG ASASASAZATAO | — 
| a {| oo | 141XxXXXXX I] — | 
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FUNCTIONAL DESCRIPTION 


When the ORG pin is connected to Vcc, the (x16) 
organization is selected. When itis connected to ground, 
the (x8) organization is selected. Instructions, ad- 
dresses and write data are clocked into the DI pin on the 
rising edge of the clock (CLK). The DO pin is normally 
held in a high-Z state except when reading data from the 
device, or when checking the READY/BUSY status 
during a programming operation. The ready/busy status 
can be verified during an Erase/Write operation by 
polling the DO pin; DO low indicates that programming 
is still in progress, while DO high indicates the device is 
ready. The DO will enter the high-Z state on the falling 
edge of the CS. 


START Condition 


The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 





Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 


START condition), without resulting in any device opera- 


tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


DI/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict" to occur during the “dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
Circuitry acts to inhibit all programming modes when Vcc 
has fallen below 1.4V at nominal conditions. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. 


READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit (x8 
organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable after 
the specified time delay (TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output se- 
quentially. 


ERASE/WRITE ENABLE AND 
DISABLE 


The 93AA46/56/66 power up in the Erase/Write Dis- 
able (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruc- 
tion. Once the EWEN instruction is executed, program- 
ming remains enabled until an EWDS instruction is 
executed or Vcc is removed from the device. To protect 
against accidental data disturb, the EWDS instruction 
can be used to disable all Erase/Write functions and 
should follow all programming operations. Execution of 
a READ instruction is independent of both the EWEN 
and EWDS instructions. 


ERASE 


The ERASE instruction forces all data bits of the speci- 
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical "0" indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 


The ERASE cycle takes 4 ms per word typical. 


WRITE 


The WRITE instruction is followed by 16 bits (or by 8 bits) 
of data which are written into the specified address. 
After the last data bit is put on the DI pin, CS must be 
brought low before the next rising edge of the CLK clock. 
This falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical "0" indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 


The WRITE cycle takes 4 ms per word typical. 
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ERASE ALL 


The ERAL instruction will erase the entire memory array 
to the logical "1" state. The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at 5V + 10%. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSsL). 


The ERAL cycle takes 8 ms typical. 
WRITE ALL 


The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERAL cycle forthe device. Therefore, the WRAL instruc- 
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at 5V + 10%. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 


The WRAL cycle takes 16 ms typical. 
PIN DESCRIPTION 


Chip Select (CS) 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. 


CS must be LOW for 250 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


rial Clock (CLK 


The Serial Clock is used to synchronize the communica- 
tion between a master device and the 93AAXX. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. Data bits are also clocked out on the positive 
edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 


CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cyclescan be received by 
the device without changing its status (i.e., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) mustbe provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (DI 


Data Inis used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TpD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TCSL) and an ERASE or WRITE operation has 
been initiated. 


Organization (ORG) 


When ORG is connected to Vcc, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. ORG can only be 
floated for clock speeds of 1MHz or less for the (x16) 
memory organization. For clock speeds greater than 1 
MHz, ORG must be tied to Vcc or Vss. 
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TIMING DIAGRAMS 


SYNCHRONOUS DATA TIMING 


Vin 
cS 
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DO VOH 


(READ) \ 


po VOH 


(PROGRAM) 7 STATUS VALID 
OL 


¢ The memory automatically cycles to the next register. 
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Tri-State is a trademark of National Semiconductor. 
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TIMING DIAGRAMS (Cont.) 
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e Guarantee at Vcc = 5.0 V+ 10%. 
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TRI-STATE 


e Guarantee at Vcc = 5.0 V+ 10%. 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the . 
factory or the listed sales offices. 


PART NUMBERS 
93AA46/56/66 - /P 


PACKAGE: P PLASTIC DIP : —— 
SN PLASTIC SOIC (150 mil Body} 8-Lead 
y) 8-Lead (93AA56/93AA66) 


SM > PLASTIC SOIC (207 mil Bod 


TEMPERATURE Blank 0°C to +70°C 
RANGE: 


DEVICE TYPE: (x16) or (x8) 
93AA46/56/66 
CMOS Serial EEPROM 93AA46X/56X/66X 
in alternate pinouts (SN package only) 
93AA46T/56T/66T 
93AA46XT/S6XT/66XT 
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2K/4K 2.5V CMOS Serial EEPROM with Software Wire Protect 





FEATURES 


Single supply with programming operation down 
to 2.5V 

Low power CMOS technology 

— 1mdA active current typical 

— 5A standby current (typical) at 3.0V 
x16 memory organization 

— 128x16 (93LCS56) 

— 256x16 (93LCS66) 

Software write protection of user defined 
memory space 

Self timed erase and write cycles 
Automatic ERAL before WRAL 

Power on/off data protection 

Industry standard 3-wire serial 1/O 
Device status signal during E/W 
Sequential READ function 

1,000,000 E/W cycles (typical) 

Data retention > 40 years 

8-pin PDIP/SOIC and 14-pin SOIC packages 
Commercial: 0°C to +70°C 
Industrial: 40°C to +85°C 


PIN CONFIGURATION 


DIP Package 


93LCS56 93LCS56 
93LCS66 93LCS66_ 


© 1994 Microchip Technology Inc. 


DESCRIPTION 


The Microchip Technology Inc. 93LCS56/66 are low 
voltage Serial Electrically Erasable PROMs with memory 
capacities of 2K bits/4K bits respectively. A write protect 
register is included in order to provide a user defined 
region of write protected memory. All memory locations 
greater than or equal to the address placed in the write 
protect register will be protected from any attempted 
write or erase operation. It is also possible to protect the 
address in the write protect register permanently by 
using a one time only instruction (PRDS). Any attempt 
to alter data in a register whose address is equal to or 
greater than the address stored in the protect register 
will be aborted. Advanced CMOS technology makes 
this device ideal for low power non-volatile memory 
applications. 


BLOCK DIAGRAM 





SOIC Packages 


93LCS56 93LCS56 — 
93LCS66 93LCS66 
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ELECTRICAL CHARACTERISTICS 





so o Pee menee nae er Cre er Serres ene nene a: ree .7.0V ~ 

All inputs and outputs w.r.t. VSs ..... -0.6V to Voc +1.0V. Chip Select 
Storage temperature  ...........eeeeeeeeeee -65°C to +150°C . | Serial Data Clock 
Ambient temp. with power applied .....-65°C to +125°C - Serial Data Input 
Soldering temperature of leads (10 seconds) ..+300°C | Serial Data Output 
ESD protection on all pins.......... Weed ew saeeneieibageeesdes 4kV Ground | 


“Notice: Stresses above those listed under “Maximum ratings” may Program Enable 

cause permanent damage to the device. This is a stress rating only and Protect Register Enable 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not Power Supply 
implied. Exposure to maximum rating conditions for extended periods 

may affect device reliability. 


DC AND AC ELECTRICAL Vcc = +2.5V to +6.0V 


: Commercial (Cc): Tamb= 0°C to +70°C 
CHARACTERISTICS Industrial (I): Tamb = -40°C to +85°C 





High level input voltage VoD 2 2.5V 
VoD < 2.5V 


Low level input voltage 
| | 
High level output voltage VoHt 
a nes 
iu [10 
Output leakage current ILo Lees 10 
CINT 7 DF Vin/VouT = OV (Note 1 & 3 

‘alinguivoupus) || | | | tan = 1280, Fours tra 
Operating current lecwits |= 
| | wm | te 


Icc read FCLK = 2 MHz; Vcc = 6.0V 
pre) | FCLK = 1 MHz; Vcc = 3.0V 
Standby current Iccs 100 CLK = CS = OV; Vcc = 6.0V 
Endurance 
MHz Vcc > 4.5V 
acs 2 oe te crt eee 
eee ee 


Relative to CLK 
Relative to CLK 





Clock frequency 


|Clockhightime | Tok | 250 | ons 

[Clocklowtime | Toxt_| 250 pons | 

| Chip selectsetuptime ss || Toss | 50 fe iMG. 2d 

[Chip selectholdtime | Tosh | oo _| Fine 

[Chip selectiowtime | tos_| 250 | — | ns _ 

[PRE setuptime ——+(|_Teres | 100 __ [ns __| Relative to Cl 

|PEsetuptime ss | Tres | 100 | | ns __| Relati 

|PREholdtime =| sTenen | 0 | _ns__|RelativetoCLK i 
|PEholdtime | Tren | 500 _| | ns _|RelativetoCLK 
[ns _[Relatveto CLK 
PD [ns [G=100pF CS 
CL : 


Data output disable time Tcz ‘ns = 100 pF (Note 3) 
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Vcc = +2.5V to +6.0V 
DC AND AC ELECTRICAL Commercial (C): Tamb= 0O°C to +70°C 


Industrial (i): Tamb = -40°C to +85°C 


CHARACTERISTICS (CONTINUED) 


[Parameter | Symbol | __Min | Max | Units | __—Conditions 
| two | | to | ms | ERASE/WRITE mode (Note 2) | 
po tec [tts | ms [| ERALmode 
| Tm | | 30 | ms | WRAL mode 


Program cycle time 





Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100% tested. 


INSTRUCTION SET FOR 93LCS56*/66 


Reads data stored in memory, starting at 
specified address. 


Erase/Write Enable must precede all program- 
ming modes. | 


Erase data at specified address location if : 
address is unprotected. 


Erase all registers to "FF". Valid only when 
Protect Register is cleared. 


Writes register if address is unprotected. 


Writes all registers. Valid only when Protect 
Register is cleared. 


Erase/Write Disable deactivates all program- 
ming instructions. 


Reads address stored in Protect Register 


Must immediately precede PRCLEAR, 
PRWRITE and PRDS instructions. 


Clears the Protect Register such that all data 
are NOT write-protected. 


Programs address into Protect Register. 
Thereafter, memory addresses greater than or 
equal to the address in Protect Register are 
write-protected. 


ONE TIME ONLY instruction after which the 
address in the Protect Register cannot be 
altered. 





*Address A7 bit is a “don't care" ON 93LCS56. 
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FUNCTIONAL DESCRIPTION 


The 93LCS56/66 is organized as 128/256 registers by 
16 bits. Instructions, addresses and write data are 
clocked into the DI pin on the rising edge of the clock 
(CLK). The DO pin is normally held in a high-Z state 
except when reading data from the device, or when 
checking the ready/busy status during a programming 
operation. The ready/busy status can be verified during 
an Erase/Write operation by polling the DO pin; DO low 
indicates that programming is still in progress, while DO 
high indicates the device is ready. The DO will enter the 
high-Z state on the falling edge of the CS. 


START Condition 


The START bit is detected by the device if CS and Dl are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and DI 

may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
WRAL, PRREAD, PREN, PRCLEAR, PRWRITE, and 
PRDS). As soon as CS is HIGH, the device is no longer 
in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


D/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict" to occur during the “dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
Circuitry acts to inhibit all programming modes when Vcc 
has fallen below 1.4V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. | 


After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. 


READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit output string. The output 
data bits will toggle on the rising edge of the CLK and are 
stable after the specified time delay (TPD). Sequential 
read is possible when CS is held high. The memory data 
will automatically cycle to the next register and output 
sequentially. 


ERASE/WRITE ENABLE AND 
DISABLE 


The 93L.CS56/66 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an Erase/Write Enable (EWEN) instruction. 
The PE pin MUST be held “high" while loading the 
EWEN instruction. Once the EWEN instruction is ex- 
ecuted, programming remains enabled until an EWDS 
instruction is executed or Vcc is removed from the 
device. To protect against accidental data disturb, the 
EWDS instruction can be used to disable all Erase/Write 
functions and should follow all programming operations. 
Execution of a READ instruction is independent of both 
the EWEN and EWDS instructions. 


ERASE 


The ERASE instruction forces all data bits of the speci- 
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. The PE pin MUST be latched “high" during 
loading the ERASE instruction but becomes a "don't 
care" after loading the instruction. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical "0" indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. ERASE 
instruction is valid if specified address is unprotected. 


The ERASE cycle takes 4 ms per word typical. 
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WRITE 


The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. After the 
last data bit is put on the Di pin, CS must be brought low 
before the next rising edge of the CLK clock. This falling 
edge of CS initiates the self-timed auto-erase and pro- 
gramming cycle. The PE pin MUST be latched "high" 
while loading the WRITE instruction but becomes a 
“don't care" thereafter. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
(Tcst). DO at logical "0" indicates that programming is 
still in progress. DO at logical "1" indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. WRITE instruction is valid only if specified 
address is unprotected. 


The WRITE cycle takes 4 ms per word typical. 
ERASE ALL 


The ERAL instruction will erase the entire memory array 
to the logical "1". The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. PE pin MUST be held “high* while 
loading the instruction but becomes “don't care" thereaf- 
ter. Clocking of the CLK pin is not necessary after the 
device has entered the self clocking mode. The ERAL 
instruction is guaranteed at Vcc = 4.5 to 6V and valid 
only when Protect Register is cleared. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


The ERAL cycle takes 15 ms maximum (8 ms typical). 
WRITE ALL 


The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. PE pin MUST be held "high" while 
loading the instruction but becomes "don't care" thereaf- 
ter. Clocking of the CLK pin is not necessary after the 
device has entered the self clocking mode. The WRAL 
command does include an automatic ERAL cycle for the 
device. Therefore, the WRAL instruction does not 
require an ERAL instruction but the chip must be in the 
EWEN status. The WRAL instruction is guaranteed at 
Vcc = 4.5 to 6V and valid only when Protect Register is 
cleared. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSsL). 


The WRAL cycle takes 30 ms maximum (16 ms typical). 


Note: In order to execute either READ, EWEN, ERAL, 
WRITE, WRAL, or EWDS instructions, the Protect Reg- 
ister Enable (PRE) pin must be held LOW. 


PROTECT REGISTER READ 


The Protect Register Read (PRREAD) instruction out- 
puts the address stored in the Protect Register on the 
DO pin. The PRE pin MUST be held HIGH when loading 
the instruction and remains HIGH until CS goes LOW. A 
dummy zero bit precedes the 8-bit output string. The 
output data bits in the memory Protect Register will 
toggle on the rising edge of the CLK as in the READ 
mode. 


PROTECT REGISTER ENABLE 


The Protect Register Enable (PREN) instruction is used 
to enable the PRCLEAR, PRWRITE, and PRDS modes. 
Before the PREN mode can be entered, the device must 
be in the EWEN mode. Both PRE and PE pins MUST be 
held “high" while loading the instruction. The PREN 
instruction MUST immediately pieceeen a PRCLEAR, 

PRWRITE, or PRDS instruction. 


PROTECT REGISTER CLEAR 


The Protect Register Clear (PRCLEAR) instruction clears 
the address stored in the Protect Register and, there- 
fore, enables all registers for programming instructions 
such as ERASE, ERAL, WRITE, and WRAL. The PRE 
and PE pin MUST be held HIGH when loading the 
instruction. Thereafter, PRE and PE pins become “don't 
care“. A PREN instruction must mmetatey ere a 
PRCLEAR instruction. 


PROTECT REGISTER WRITE 


The Protect Register Write (PRWRITE) instruction writes 
into the Protect Register the address of the first register 
to be protected. After this instruction is executed, ail 
registers whose memory addresses are greater than or 
equal to the address pointer specified in the Protect 
register are protected from any programming instruc- 
tions. Note that a PREN instruction must be executed 
before a PRWRITE instruction and, the Protect Register 
must be cleared (by a PRCLEAR instruction) before 
executing the PRWRITE instruction. The PRE and PE 
pins MUST be held HIGH while loading PRWRITE 
instruction. After the instruction is loaded, they become 
“don't care”. 


PROTECT REGISTER DISABLE 


The Protect Register Disable (PRDS) instruction is a 
ONE TIME ONLY instruction to permanently set the 
address specified in the Protect Register. Any attempts 
to change the address pointer will be aborted. The PRE 
and PE pins MUST be held HIGH while loading PRDS 
instruction. After the instruction is loaded, they become 
“don't care“. Note that a PREN instruction must be 
executed before a PRDS instruction. 
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PIN DESCRIPTION 


Chip Select (CS 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. : 


CS must be LOW for 250 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


erial Clock (CLK 


The Serial Clock is used to synchronize the communica- 
tion between a master device and the 93LCS56/66. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 


CLK is a “Don't Care” if CS is LOW (device deselected). 
lf CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (Dl 


Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ and PRREAD mode to 
output data synchronously with the CLK input (TPp after 
the positive edge of CLK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information is available on the DO pinif CS is brought 
HIGH after held LOW for minimum chip select low time 
(TCSL) and an ERASE or WRITE operation has been 
initiated. 


PE 


This pin should be held HIGH in the programming mode 
or when executing the Protect Register programming 
instructions. 


Program Enabl 


Protect Register Enable (PRE 


This pin should be held HIGH when executing all Protect 
Register instructions. Otherwise, it must be held LOW | 
for normal operations. 
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TIMING DIAGRAMS (Cont.) 


SYNCHRONOUS DATA TIMING 


VIH 
PRE 


DO 
(READ) 


DO 
(PROGRAM) ‘i STATUS VALID 


*«  TUUU ULL L$ 


rote KeXe Xa 


po —_TSTATET 0 Ko Xse2QX to Xo XOX 80 KOI) — 


* The memory automatically cycles to the next register. PRE =0 
Tri-State is a trademark of National Semiconductor. PE = X 


a) 
0 Va ef NXE XA 


i er nee age eee PRE =0 
6 DON'T CARE BITS DO = TRI-STATE 
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TIMING DIAGRAMS (Cont.) 


\ 
ren 2) eX 
: \ 


Ve” PRE =0 


PE =X 
6 DON'T CARE BITS DO = TRI-STATE 


TRI-STATE 


e Address bit A7 becomes a "don't care" for 93LCS56. PRE =0 


6 DONT CARE BITS 
TRI-STATE BUSY |/peapy \TRISTATE 


Guarantee at Vcc = 4.5V to 6.0V 
Protect Register must be cleared PRE=0 
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TIMING DIAGRAMS (Cont.) 


RX XEYL 


Tost 


RJ STANDBY 
s 


») 


— inten 
a iss 


Te 
Tsv 


TRI-STATE TRI-STATE 


BUSY READY 


e Address bit A7 is a “don't care" for 93LCS56. PRE=0 


\ 


ie! STANDBY 


Seren os tucker”, 


6 DON'T CARE BITS 
TRI-STATE TRI-STATE 


& BUSY READY 


Tez 
Tsv 


TEC 


Guarantee at Vcc = 4.5V to 6.0V 
PRE =0 Protect Register must be cleared 


PRREAD 


ee ee ee ee ees ee 
x FLL LLLP Ln. 
oJ 2 KEKE __, 


Ne 


8 DONT CARE BITS 
G0 0 Ki Ken )X @ Xk) 


e Address bit A7 is a “don't care" for 93LCS56. PE=X 
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DO = TRI-STATE 


A EWEN cycle must precede a PREN cycle. 6 DON'T CARE BITS 


PRCLEAR 


8 BITS OF “1" 


TRI-STATE 


A PREN cycle must immediately precede a PRCLEAR cycle. 
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PRWRITE 


Protect Register MUST be cleared before a PRWRITE cycle. 
A PREN cycle must immediately precede a PRWRITE cycle. 
Address bit A7 is a "don't care" for 93LCS56. 


8 BITS OF “O" 


ONE TIME ONLY instruction. A PREN cycle must immediately precede a PRDS cycie. 
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SALES AND SUPPORT 


To order or to obtain information, e.g.; on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
93LCS56/66 - /P 


PACKAGE: PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 8-Lead 
PLASTIC SOIC (207 mil Body) 8-Lead 
PLASTIC SOIC (150 mil Body) 14-Lead 


TEMPERATURE 0°C to +70°C 
RANGE: -40°C to +85°C 


pevice Tyee: [_ Configuration _——~i[ te) 
CMOS Serial EEPROM 93LCS56 


in alternate pinouts (SN package only) 
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Serial EEPROM 





Serial EEPROM Cross Reference Guide 





The purpose of this document is to provide a quick way 
to determine which Serial EEPROM parts are basically 
equivalent to which Microchip devices. The cross refer- 
ence section is broken down by manufacturer and lists 
all parts from that manufacturer , and the comparable 
Microchip part number. 


There are subtle differences from manufacturer to manu- 
facturer and device to device, so Microchip recom- 
mends consulting the respective manufacturer’s 
databook for specific details. 


Microchip provides a wide selection of Serial EEPROM 
devices, both from a density and a packaging stand- 
point, as well as several different protocols. If you are 
interested in a part that is not listed in this book , please 
refer to the Microchip data book, or contact your local 
distributor or sales representative for assistance. 


The manufacturers included in this document are as 
follows: 


AKM 
Atmel 
Catalyst 
Exel 

ISSI 
Microchip 
Mitsubishi 
National 
Oki 
Philips 
Samsung 
SGS-Thomson 
Siemens 
Xicor 


The above trademarks are property of their respective companies. 
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Closest 


Serial EEPROM 
Microchip 


| Manufacturer Part Number 
| | Equivalent 
A 


KM __| AK93C45 93C46 1 
AK “AK93C45L 93046 


| Part Number Microchip | Size 
Equivalent 

4K 
ATMEL [AT24C04-2.5 | 2aLCo4B_|4 
ATMEL |AT24Co4-1.8 | 24aao4 [4 
8 
JATMEL _|aT24cos-25 | 24LC088 | 
8K 


A 






A 


aldidalidilidlilid 


=_h, 


r 


AK93C55 
93AA56 
2 
KM 
4k 


| ATMEL AT24C01A 24L.C01B/ 
24CO1A 


ATMEL AT24CO1A-2.7 | 24LC01B 


M 
KM 
KM 


> 
A 


- N $M IN IP ws fame foe re oe pe is 


> 


TMEL _|aTaaci6.2.5 | 24act6B | 16K 

246 

ATMEL 

ATMEL 

ATMEL __|aT24c164-1.8__| 24aat64"_|16K 

Catalyst 
A 


ATMEL AT24CO1A-2.5 | 24LC01B 
ATMEL AT24CO1A-1.8 | 24AA01 


om, 


ATMEL AT59C11 59C11 
ATMEL AT59C11-2.7_ | 59C11 


ATMEL 
ATMEL 
ATMEL 
ATMEL 
ATMEL 
ATMEL 
ATMEL 
ATMEL 
ATMEL 
ATMEL 


wd 


AT33C101C/l 
Catalyst 1 
Catalyst 
Catalyst |CATescseN | 93056 
Catalyst __|CATSSLCs6éN__featcs6 | 


No js | — 


_ 
NO 


ak 


NO 


ATMEL AT93C57 93C56 

ATMEL AT93C57-2.7__| 93LC56 

ATMEL AT93C57-2.5 93LC56 

ATMEL AT93C57-1.7_ | 93AA56 
8 


N 


ATMEL 24C02/ 
24LC02B 

ATMEL 
ATMEL 
ATMEL 2 
ATMEL 
ATMEL 
ATMEL 
ATMEL 


AT24C04 24C04/ 
24LC04B 


* Release mid 1994 


eS 


CAT93C56/I 
24LC02B 
2K 
Catalyst CAT24C04.1 4K 
24LC04B 
Catalyst 
Catalyst 
Catalyst 
4 
AT24C16 
AT24LC16 


N 


CAT24C08 24LC08B {8 
CAT24LC08 24LC08B 


aaa pioneer Oak 
ae suites 


XL93LC06 93C06 
XL24CO01A 24CO1A/ {1K 
24LC01B 
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A 


-& [hp fh 
PrIeriiidt tT tr 


Be 








aN 


ATMEL 





Serial EEPROM 


Closest 
Part Number Microchip 
Equivalent 


NM24C04L 24LC04B | 4 













Closest 
Microchip 
Equivalent 


XL24C01-2.5 24LC01B 









Manufacturer | Part Number 





National 





XL93C CSLC 46 |93C46 National NM24C05L 24LCO4B | 4 
XL93C CS LC 46-3) 93LC46 K National NM24C08 24LCO8B | 8 


~s 
A 


XL24C01A-3 24LC01B 


XL24C02 24C02A/ 
24LC02B 


XL24C02-3 24LC02 


XL93C56,LC56 93C56/ 
LC56 


XL24C01-2.5 24LC02B 
XL93LC56-3 93LC56 


XL93C66,LC66 93C66/ 
93LC66 


93LC66 | 4K 
24co4A/ | 4K 
24L.C04B 
24LC04B | 4 
24. CO4B 
24LC16B_ | 16K 
24.C16B 
93046 
93056 
93066 
93046 
9SAA46 
93056 
9 
National 93LCS5 
24L.C02B 
24L.C028 
24C02A 
24.0028 


NMS93CS66L 93LCS66 
NM93C66LZ 93AA66 


NM24C04 24C04A/ 


24LC04B 


ak 
ak 
[National | nweaci7, | 2aucres | 16K | 


Phillips- PCA8581 24C01A 

Signetics 

Phillips- PCF8582C2 85C82 2K 
Signetics 

Phillips- PCD8582D2 85C82 
Signetics 

Phillips- PCF8582F2 85C82 
Signetics 

Phillips- PCF8594C-2 24AA04 4K 
Signetics 

Phillips- PCD8594D-2 24LC04B | 4K 
Signetics 

Phillips- PCF8598C-2 24LC08B 
Signetics 

Phillips- PCD8598D-2 24LC08B 
Signetics 

Phillips- PCD85898F-2 24LC08B 
Signetics 


saC06 


KM93C56 93C56 
¢ KM93CS56 93LCS56 


SOAS 

aK 
samsung | kweaceev | eaaase | 4K 
"Samsung | xweace7 | 93066 | ax 
samsung | Kwescerv | oaaaos | aK _ 
seca estan eacas[K — 


8) 


2K 





4K 





BAS 


ala 


A 








National 
National 








National 
National 


> 


£64) 
Oo 
oO) 


National 






o 











4 


A 


& {NM 


A 


—_ | oo 
ALA 
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Serial EEPROM 


Manufacturer 






SGS-Thomson 


SGS-Thomson 
SGS-Thomson 
SGS-Thomson 
SGS-Thomson 
SGS-Thomson 


SGS-Thomson 


SGS-Thomson 
SGS-Thomson 


SGS-Thomson 
SGS-Thomson 
SGS-Thomson 


SGS-Thomson 


SGS-Thomson 
SGS-Thomson 
SGS-Thomson 
SGS-Thomson 


| SGS-Thomson 















SGS-Thomson 
SGS-Thomson 
SGS-Thomson 
SGS-Thomson 
SGS-Thomson 
SGS-Thomson 













Closest 
Microchip 


Equivalent 
1K 
| 2K 
[eaLcoas_ [2K 
2K 
K 


24LC04B 
: 


24LC04B 


ooh, 


NO 


a_i, | oh 
ALATA LA LALA 


2 
934A 4K | 
4K 
T93C06 
ST24C01 
ST93C46A 
ST93C46T 
ST93C46 


ST24W01 


NO 
A 


A 


$T24C04 


A 


— & & | NM 1M 


4K 


BAGH al ao aa a ao ela) a Te 1a ay | 
NIN] MT dM | % OlOINININI INT NM | O;]O;]@O ID 

S/O|/ols/0 Ol1S|slolslololaldlo ls 

=/8/8/3/8 8I81S/SIS/818 181818 Is 

pi D] Fi aA | > PISPINIV NI SpRIAlyaye? j= 

010 0 | O NIDOILO Q 1 O NTO 


$T24C08 
















Closest 
Microchip | Size 


Part Number 
Equivalent 


SDA2546 24C04A/ | 4K | 
24LC04B 3 
4K 






Manufacturer 


[sonzsee | zatcoos | ax 

Xicor 

Kecor | x2a0e | eaooaa | 2 

fae | 
24LC04B 

xeacis _[2aiciea [16K 








Xicor 


Xicor 





SGS-Thomson_|ST25E16C__| 24LC16B |16K _| 


Siemens SDA2516-2 24C01A/ 
-24LC01B 

SDA2526-2 24C02A/ 
24LC02B 
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Siemens 
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SECTION 6 
PARALLEL EEPROM PRODUCT SPECIFICATIONS 





EEPROM Parallel EEPROM Selection Guide ................cccccssssesssceccccccecsssrasenenceeeeoees 6- 1 
28C04A 4K (512 x 8) ‘CMOS EEPROM concisscecasccecscccsivcaccssassvesecesseseesecetssaseseestsasesss 6- 3 
28C16A 16K (2K X.8) CMOS: EEPROM wissccccscccsscesccccosacncanstcecceiasssessusnseeveveassicousceds 6- 11 
28C17A 16K (2K x 8) CMOS EEPROM ...............ccccsccecccssccsssssnssessenecsssseccesessseeseees 6- 19 
28C64A 64K (8K x 8) CMOS EEPROM .............:ccscsccsseccsccenscsssssesnssneccssesessecesensecees 6- 27 
Ria eS a A RE ar LCS aU NN ORL NN LEE ST RE 2 EN OEE AD I LEA ROS CEE EIEN SE TTC SESE RENDER REEL CLES SMT GY TRON ITI ETE EE AE EERIE 
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Device 


28C04A 
28C16A 
28C17A 


28C64A 

28C64AX 
28CO4AF 
28C16AF 
28C17AF 
28C64AF 


Density/ 
Organization 


4K bits (512 x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 
4K bits (512 x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
64K bits (8K x 8) 


P = Plastic DIP 
SN = .150" 8ld SOIC 
S_ = Dice in Wafflepack 


Access 
Time (ns) 


150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 


qc. 
i 


SM 


CMOS Parallel EEPROMs 


Icc 
(Active/ 
Standby) 


30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 


Ceramic DIP 
.207" Bid SOIC 


VS 


Endur- 
ance 
(cycles)* 
10K 
10K 
10K 
10K 
10K 
10K 
10K 
10K 
10K 


PACKAGES 
L = PLCC 
SL = .150" 14ld SOIC 
W_ = Dice in Wafer Form 


* Endurance is guaranteed to 10K cycles at extended (-40°C to +125°C) temperature. 


NOTE: NOT ALL COMBINATIONS OF SPEED/TEMPERATURE RANGE/PACKAGE/ETC. ARE AVAILABLE. 
CONSULT FACTORY FOR SPECIFIC PART INFORMATION. 


# Pins 


24,32 


24,28,32 


28,32 
28,32 
28,32 
24,32 


24,28,32 


28,32 
28,32 


= 28ld VSOP (8x13.4mm) 


SO 
TS 


Package 
Types 
P.J,L 


PJ,TS,VS,L 
PJ,SO,TS,VS,L 
PJ,SO,TS,VS,L 
P.J,SO,TS,VS,L 
PJ,L 
PJ,TS,VS,L 
P,J,SO,TS,VS,L 
P.J,SO,TS,VS,L 


= Ceramic LCC 


Parallel EEPROMs 


Parallel EEPROM Selection Guide 


Operating 
Voltage 


4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 





= .300" 28id SOIC 
= 28id TSOP (8x20mm) 


© 1994 Microchip Technology Inc. 
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MICROCHIP 
4K (512 x 8) CMOS EEPROM 


28C04A 





FEATURES 


Fast Read Access Time—150 ns 

CMOS Technology for Low Power Dissipation 
— 30 mA Active 

— 100 pA Standby 

Fast Byte Write Time—200 ps or 1 ms 

Data Retention >10 years 

Endurance - Minimum 10* Erase/Write Cycles 
Automatic Write Operation 

— Internal Control Timer 

— Auto-Clear Before Write Operation 

—— On-Chip Address and Data Latches 

Data Polling 

Chip Clear Operation 

Enhanced Data Protection 

— Vcc Detector 

— Pulse Filter 

— Write Inhibit 

5-Volt-Only Operation 

Organized 512x8 JEDEC standard pinout 

— 24-pin Dual-In-Line Package 

— 32-pin Chip Carrier (Leadless or Plastic) 
Available for Extended Temperature Ranges: 
— Commercial: 0°C to 70°C 

— Industrial: -40°C to 85°C 


PIN CONFIGURATION 


Too Tinaticn 
12 FN in 
dhndbhasbos be. 


DIP 


ePin 1 indicator on PLCC on top of package 


© 1994 Microchip Technology Inc. . 





DESCRIPTION 


The Microchip Technology Inc. 28C04A is a CMOS 4K 
non-volatile electrically Erasable and Programmable 
Read Only Memory (EEPROM). The 28C04A is ac- 
cessed like a static RAM for the read or write cycles 
without the need of external components. During a “byte 
write”, the address and data are latched internally, 
freeing the microprocessor address and data bus for 
other operations. Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
and write the latched data using an internal control timer. 
To determine when awrite cycle is complete, the 28C04A 
uses Data polling. Data polling allows the user to read 
the location last written to when the write operation is 
complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 


BLOCK DIAGRAM 


Data Protection 
Circuitry 
Chip Enable/ 
Output Enable 


Control Logic 


Auto Erase/Write Data 
Timing 


Program Voltage 
Generation 


Cell Matrix 


AO 
I 
5 
I 
t 
1 
’ 
i 
! 
i] 
A8 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS* 
















PIN FUNCTION TABLE | 





Vcc and input voltages w.r.t. VSs........ -0.6V to + 6.25V 



























Voltage On OE W.r.t. VSS ..ccscssssseessseeseee -0.6V to +13.5V 
Output Voltage W.r.t. VSS voces -0.6V to Vcc+0.6V )- 4 Addr ess Inputs 
Storage temperature ........cccsessescesseesees -65°C to 125°C CE Chip Enable 
Ambient temp. with power applied ......... -50°C to 95°C OE Output Enable 

WE Write Enable 

1/00 - 1/07 Data Inputs/Outputs 

“Notice: Stresses above those listed under “Maximum Ratings” Vcc +5V Power Supply 
may cause permanent damage to the device. This is a stress Vss Ground 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings NC No Connect; No Internal 
of this specification is not implied. Exposure to maximum rating Connection 






conditions for extended periods may affect device reliability. 


NU Not Used; No External 


Connection is Allowed 


READ / WRITE OPERATION Voc = +5V +10% 
DC Characteristics Commercial (C): Tamb= 0°C to 70°C 


Industrial (I): Tamb= -40°C to 85°C 
[Parameter | Status | ‘Symbol | 


Input Voltages Logic "1" VIH 
Logic "0" VIL 


Input Leakage 


Input Capacitance at 


Output Leakage 


Output Capacitance Tt CouT 
Power Supply Current, Active a ae 


Power Supply Current, Standby | TTL input ICC(S)TTL mA CE = VIH (0°C to 70°C) 
TTL input ICC(S)TTL CE = Vin (-40°C to 85°C) 
CMOS input | Icc(sycmos CE = Vcc-0.3 to Vcc+1 


Output Voltages Logic “1" 
Logic “O" 





Note: (1) AC power supply current above 5 MHz: 1 mA/MHz 
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READ OPERATION AC Testing Waveform: ViH = 2.4V; Vit = 0.45V; VOH= 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb= 0°C to 70°C 
Industrial (I): Tamb= -40°C to 85°C 


Parameter 





READ WAVEFORMS 





Address 


tOFF(1,3) 


tOH 
; WANK High Z 
RK ome 


WE 
Vit 


Notes: (1) toFF is specified for OE or CE, whichever occurs first =» =__ 
(2) OE may be delayed up to tce - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested 





A aa IR eS OT I EN I a SE EO a a a I a a es 
© 1994 Microchip Technology Inc. DS11126D-page 3 
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AC Testing Waveform: ViH = 2.4V and Vit = 0.45V; VOH=2.0V; VoL=0.8V |. 












BYTE WRITE —— Output Load: — 1 TTL Load + 100 p 
AC Characteristics Input Rise/Fall Times: 20nsec | 







Ambient Temperature: Commercial (C): Tamb= 0°C to 70°C 


Industrial —_ (I): Tamb = -40°C to 85°C 
Address Set-Up Time 


Symbol _ 

ae 7 aes 
Address Hold Time | tA 

| te 

| to 



























Data Set-Up Time 
Data Hold Time 


| 50 | mst 
sot ts 
| LO ae 
Write Pulse Wiath | twee | too | | ns [Nott 
Write Pulse High Time | twee =| 50. | prs po 
OE Hold Time | tocn | 10 | ee 
Se 
ae [ns [Note2 
ae 
= 


Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 

(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 

tDH after the positive edge of WE or CE, whichever occurs first. 


OE Set-Up Time 





Data Valid Time | tw 
Write Cycle Time (28C04A) | two 


Write Cycle Time (28C0O4AF) 















PROGRAMMING WAVEFORMS 


Address 


Data In 





SL Ne EM a oS CA ES a SO I SR BI a CP EE a TRA 
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DATA POLLING WAVEFORMS 


VIH i 
: Last Written 


ae QQ M7775 
Se ION 


tacc 


toe 


Lf NOOSA. 


tov 


Nai’ XE toro Trve Data Ou 


twc 





CHIP CLEAR WAVEFORMS 


tw = 10ms 
tS =tH = Ips 
VH = 12.0V +0.5V 





| 
© 1994 Microchip Technology Inc. DS11126D-page 5 
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DEVICE OPERATION 


The Microchip Technology Inc. 28C04A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 






















/O 
Read DouT 


















Standby High Z 
Write Inhibit High Z 
Write Inhibit High Z 
Write Inhibit High Z 
Byte Write DIN 


Byte Clear Automatic Before Each "Write" 


X = Any TTL level. 


Read Mode 


The 28C04A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to the 
output pins independent of device selection. Assuming 
that addresses are stable, address access time (tACC) is 
equal to the delay from CE to output (tcE). Data_is 
available at the output toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tacc-toE. 


Standby Mode 


The 28C04A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc Is less than the Vcc detect circuit trip. 


Second, there isa WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


create] [OEE | O_ 


Write Mode 


The 28C04A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. 


Data Pollin 


The 28C04A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of I/O7 (I/O0 to I/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Chip Clear 


All data_may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data. 
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NOTES: 
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28C04A 





SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 


or the listed sales offices. 


PART NUMBERS 
28C04A F T-15 I/P 


Package: 


Temperature 
Range: 


Access Time: 


Shipping: 


Option: 


Device: 





Cerdip 
Plastic Leaded Chip Carrier (PLCC) 
Plastic DIP 


0°C to 70°C 
-40°C to 85°C 
150 ns 
200 ns 
250 ns 


Tube 
Tape and Reel "L" only. 


= twc = 1ms 
= twc = 200 us 


512 x 8 CMOS EEPROM 
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MiIcROCHIP 28CT 6A 


16K (2K x 8) CMOS EEPROM 





FEATURES BLOCK DIAGRAM 


Fast Read Access Time—150 ns 
CMOS Technology for Low Power Dissipation 


— 30 mA Active a 
— 100 pA Standby CE Chip Enable/ 
¢ Fast Byte Write Time—200 us or 1 ms sas Output Enable 
: Control Logic 
¢ Data Retention >10 years aan Ecce 
¢ High Endurance - Minimum 10* Erase/Write Cycles Timing 
¢ Automatic Write Operation program Voltage 
— Internal Control Timer Generation 


— Auto-Clear Before Write Operation 
— On-Chip Address and Data Latches 
Data polling 

Chip Clear Operation 

Enhanced Data Protection re 16K bit 
— Vcc Detector Cell Matrix 
— Pulse Filter 

— Write Inhibit 

Electronic Signature for Device Identification 
5-Volt-Only Operation 

Organized 2Kx8 JEDEC Standard Pinout 

— 24-pin Dual-In-Line Package 

— 32-pin Chip Carrier (Leadless or Plastic) 


— 28-pin Thin Small Outline Package (TSOP) es 
8x20mm NC 
— 28-pin Very Small Outline Package (VSOP) a 
8x13.4mm 10 


Available for Extended Temperature Ranges: 
— Commercial: 0°C to 70°C 
— Industrial: -40°C to 85°C 


DESCRIPTION 


The Microchip Technology Inc. 28C16A is a CMOS 16K 
non-volatile electrically Erasable PROM. The 28C16A 
is accessed like a static RAM for the read or write cycles 
without the need of external components. During a “byte 
write”, the address and data are latched internally, 
freeing the microprocessor address and data bus for 
other operations. Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
and write the latched data using an internal control timer. 
Todetermine when awrite cycle is complete, the 28C16A 
uses Data polling. Data polling allows the user to read 
the location last written to when the write operation is 
complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 


Pid 
o 
e 





BEBsx~SSS e325 GI 
VOT POM -“BYRVIN 
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28C16A 





ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS* 


Vcc and input voltages w.r.t. VSS -0.6V to + 6.25V 


Voltage On OF W.r.t. VSS .n.csccscsccsscceeseseee -0.6V to +13.5V 
Voltage on AQ W.F.t. VSS .......cccsccssssssseenes -0.6V to +13.5V 
Output Voltage w.r.t. VSS... -0.6V to Vcc+0.6V 
Storage temperature ................:ccsssceees -65°C to 125°C 
Ambient temp. with power applied ......... -50°C to 95°C 


“Notice: Stresses above those listed under “Maximum Ratings” 
_ May cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ / WRITE OPERATION 
DC Characteristics 


[parameter | tatue | Symbol 


Input Voltages Logic "1" 


Logic “O" 
Input Leakage 
Input Capacitance 


Logic "1" 
Logic “O" 


TTL input 


TTL input 
TTL input 
CMOS input 


Output Voltages 


Output Leakage 


Output Capacitance 


Power Supply Current, Active Icc 


VIH 

VIL 

CIN 

VOH 

VOL 

ILO 
Suk 


ICC(S)TTL 
ICC(S)TTL 
ICC(S)CMOS 


Power Supply Current, Standby 


Note: (1) AC power supply current above 5 MHz: 1 mA/MHz 





PIN FUNCTION TABLE 



































AO - A10 Address Inputs 
CE Chip Enable 
OE Output Enable 
WE Write Enable 
1/00 - 1/07 Data Inputs/Outputs 
Vcc +5V Power Supply 
Vss Ground 
NC No Connect; No Internal 
Connection 










NU Not Used; No External 


Connection is Allowed 





Vcc = +5V +10% 
Commercial (C): Tamb= 0°C to 70°C 
Industrial (I): Tamb= -40°C to 85°C 


max | Units Conditions 


Vec+1 V 
0.8 V 
VIN = -0.1V to Vcc+1 
V 


IN = OV; Tamb = 25°C; 
f= 1 MHz 


1OH = -400 LA 
loL=2.1mMA 


VouT = -0.1V to Vcc +0.1V 


VIN = OV; Tamb = 25°C; 
f= 1 MHz 
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28C16A 


READ OPERATION AC Testing Waveform: VIH = 2.4V; Vit = 0.45V; VOH= 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb= 0° C to 70°C 
Industrial (i): Tamb = -40° C to 85°C 


Parameter 





READ WAVEFORMS 


Address Address Valid 





tOFF(1,3) 
tOH 


ie cK eo. WI 


VIH 
WE 


ViL 


Notes: (1) torF is specified for OE or CE, whichever occurs first =» =__ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tceE 
(3) This parameter is sampled and is not 100% tested 
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28C16A 










ViIH = 2.4V and Vit = 0.45V; VOH=2.0V; VoL =0.8V 





BYTE WRITE AC Testing Waveform: 


oes Output Load: 1 TTL Load + 100 pF 
AC Characteristics Input Rise/Fall Times: 20 ns 


Ambient Temperature: Commercial (C): Tamb= 0°C to 70°C 
Industrial —_ (I): Tamb = -40°C to 85°C 





[_symbot_| min | Max |Units| Remarks 
Adeees satuptine SY] | | 
[rates PolTine iY | 
[Daasetuptine ——SSCSC~‘sCi ST | 
i 
wits Puce ign Tine | te | a | | 
| OEHodTime = C—C—~—‘zL«CétoenS | 10 | — | oris 
[oe sauptme Sits | wo | — 
wie yee Tine aacieay |e | — | + | mm | 05 matin 
Cwaecrartomaeciein | we | — | ae | m | me 


Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 

(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 

tDH after the positive edge of WE or CE, whichever occurs first. 








PROGRAMMING WAVEFORMS 


Address 


CE, WE 


Data In 
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DATA POLLING WAVEFORMS 


Last Written 
Adcress Valid Xf O_o Vat 


tacc 


QQ MESSE * 


tWPH 


Ee WY 


Uf RNAI 
| Se Dae KE rout Xf True Data Out 


twc 





CHIP CLEAR WAVEFORMS 


tw = 10ms 
ts =tH = 1ps 
VH = 12.0V +0.5V 


SUPPLEMENTARY CONTROL 


Chip Clear Ve 
Extra Row Read fo 
| ExtraRowWrite | 


Note: VH = 12.0V +0.5V * Pulsed = ara waveforms. 
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28C16A 





DEVICE OPERATION 


The Microchip Technology Inc. 28C16A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 






Operation Mode 






Read 
Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 













Byte Clear Automatic Before Each "Write" 
X = Any TTL level. 
Read Mode 


The 28C16A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to the 
output pins independent of device selection. Assuming 
that addresses are stable, address access time (tACC) is 
equal to the delay from CE to output (tce). Data is 
available at the output toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tacc-toE. 


Standby Mode 


The 28C16A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C16A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. : 


Data Polling 


The 28C16A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of I/O7 (I/O0 to 1/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 

Electronic Signature f vice Identification 
An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


hip Clear 
All data may be cleared to 1's in a chip clear cycle by 


raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 
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NOTES: 
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28C16A 





SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
28C1GAF T-15 I/P 


Package: Cerdip 
Plastic Leaded Chip Carrier (PLCC) 
Plastic DIP 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 


Access Time: 150 ns 
200 ns 
250 ns 


Shipping: Tube 
Tape and Reel "L" only 


Option: =twc = 1ms 
F =twe =200us 


Device: 28C16A 2Kx8 CMOS EEPROM 
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MICROCHIP 


28C17A 





16K (2K x 8) CMOS EEPROM 





FEATURES 


Fast Read Access Time—150 ns 
CMOS Technology for Low Power Dissipation 
— 30 mA Active 
— 100 pA Standby 
Fast Byte Write Time—200 ps or 1 ms 
Data Retention >10 years 
High Endurance - Minimum 10* Erase/Write Cycles 
Automatic Write Operation 
— Internal Control Timer 
— Auto-Clear Before Write Operation 
— On-Chip Address and Data Latches 
Data Polling 
Ready/Busy 
Chip Clear Operation 
Enhanced Data Protection 
— Vcc Detector 
— Pulse Filter 
— Write Inhibit 
Electronic Signature for Device Identification 
e 5-Volt-Only Operation 
e Organized 2Kx8 JEDEC Standard Pinout 
— 28 Pin Dual-In-Line Package 
— 32-Pin Chip Carrier (Leadless or Plastic) 
— 28-Pin Thin Small Outline Package (TSOP) 
8x20mm 
— 28-Pin Very Small Outline Package (VSOP) 
8x13.4mm 
e Available for Extended Temperature Ranges: 
—- Commercial: 0°C to 70°C 
— Industrial: -40°C to 85°C 


DESCRIPTION 


The Microchip Technology Inc. 28C17A is aCMOS 16K 
non-volatile electrically Erasable PROM. The 28C17A 
is accessed like a static RAM for the read or write cycles 
without the need of external components. During a “byte 
write”, the address and data are latched internally, 
freeing the microprocessor address and data bus for 
other operations. Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
_and write the latched data using an internal control timer. 
To determine when the write cycle is complete, the user 
has a choice of monitoring the Ready/Busy output or 
using Data polling. The Ready/Busy pin is an open drain 
output, which allows easy configuration in wired-or sys- 
tems. Alternatively, Data polling allows the user to read 
the location last written to when the write operation is 
complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 


BLOCK DIAGRAM 








Data Protection 
Circuitry 


Chip Enable/ 
Output Enable 
Control Logic 


Auto Erase/Write D 
Timing 
Y Gating 


16K bit 
Cell Matrix 
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28C17A 





ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 

Vcc and input voltages w.r.t. Vss........ -0.6Vto+6.25V ) 
Voltage on OE w.r.t. VSS.u....e eee -0.6V to +13.5V | AO -A10 Address Inputs 
Voltage on AQ W.r.t. VSS... eseceeseeees 1... °0.6V to +13.5V CE Chip Enable 
Output Voltage W.r.t. VSS wn. -0.6V to Vcc+0.6V OE Output Enable 
Storage temperature ............cceceeeeees -65°C to 125°C WE Write Enable 
Ambient temp. with power applied ......... -50°C to 95°C 1/00 - 1/07 Data Inputs/Outputs 

RDY/Busy | Ready/Busy 
“Notice: Stresses above those listed under “Maximum Ratings” vee fon Power OUND 
may cause permanent damage to the device. This is a stress Vss Ground 
rating only and functional operation of the device at those or any | NC No Connect; No Internal 
other conditions above those indicated in the operation listings Connection 


of this specification is not implied. Exposure to maximum rating NU Not Used: No External 


conditions for extended periods may affect device reliability. Connection is Allowed 





READ / WRITE OPERATION Voc = +5V £10% 
DC Characteristics Commercial (C): Tamb= 0°C to 70°C 


Industrial (I): Tamb= -40°C to 85°C 


Parameter 


Logic “1" 
Logic “O" 


Logic "1" 
Logic “O" 


TTL input ICC(S)TTL . IH (0°C to 70°C) 
TTL input ICC(S)TTL IH_ (-40°C to 85°C) 
CMOS input | Icc(s)ycmos cc-0.3 to Vcc+1 





Note: AC power supply current above 5 MHz: 1mA/MHz 
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28C17A 


READ OPERATION AC Testing Waveform:  ViIH = 2.4V; ViL =0.45V; VOH= 2.0V; VoL =0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb= 0°C to 70°C 
Industrial (I): Tamb = -40°C to 85°C 


Parameter 





READ WAVEFORMS 


Address 


tOFF(1,3) 
tOH 


; WANK High Z 
Q|_wwome py) 


VOL 


Notes: (1) torr is specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tce - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested — 





ee 
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28C17A 





aes | AC Testing Waveform: VIH = 2.4V and ViL = 0.45V; VOH=2.0V; VoL =0.8V 
BYTE WRITE Output Load: 1 TTL Load + 100 pF | 
AC Characteristics Input Rise/Fall Times: 20 ns 
=: Ambient Temperature: Commercial (C): Tamb = 0°C to 70°C 
Industrial —_ (I): Tamb = -40°C to 85°C 


Parameter 


0.5 ms typical 
us | 100 us typical 


Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 
(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
tOH after the positive edge of WE or CE, whichever occurs first. 


Address 
CE, WE 


Data In 


VIL 


VOH 
Rdy/Busy 
VOL 
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DATA POLLING WAVEFORMS 


VIH i 
: Last Written 


Vit tacc 


tWPH 


ST RRS, 


tOE 


Uf NMSA. 


tov 


Mais XE to out_xf True Data Ou 


twc 





CHIP CLEAR WAVEFORMS 


tw = 10ms 
ts =tH = 1ps 
VH = 12.0V +0.5V 


SUPPLEMENTARY CONTROL 


Data Out 
| ExtraRowWrite |] 


Note: VH = 12.0V +0.5V * Pulsed per programming waveforms. 


| WE | 
eee 
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DEVICE OPERATION 


The Microchip Technology Inc. 28C17A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation Mode CE|OE|WE} vo 


Read Dout 
Standby High Z 
Write Inhibit High Z 
Write Inhibit High Z 
Write Inhibit High Z 
Byte Write DIN 
cibteicaeal 
Note: (1) Open drain output. 

(2) X = Any TTL level. 




















Rdy/Busy (1) 
¥ 7 












—-x<x<xrrr 
rx re xK xX 
rxxxxx | 






Read Mode 


The 28C17A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (tACC) equal 
to the delay from CE to output (tce). Data is available at 
the output toe after the falling edge of OE, assuming that 
CE has been low and addresses have been stable for at 
least tacc-to_E. 


Standby Mode 


The 28C17A is placed in the standby mode by applying 
ahigh signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C17A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
failing edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The Ready/Busy pin goes to alogic low 
level indicating that the 28C17A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C17A has completed writing and is ready 
to accept another cycle. 


Data Polling 


The 28C17A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of |/O7 (I/O0 to I/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Electronic Signature for Device Identification 

An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 


same manner as the regular memory array. 


Chip Clear 


All data_may be cleared to 1's ina chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 


sa inn rman me cmetamnneminemennm cement cmee Te occeeemeeT aac Cre nn een corierserereaneieenenseemeeecenoeeeenienpenentanensmneentaemnemieneameenseeeaeanainommemensonee santecaeanmmmerseaneseeameimennaeneneraranateems ooctemeamecniemtaece ean eaeasoe tne cereal 
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NOTES: 
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28C17A 





SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
28C17AF T-15 I/P 


Package: Cerdip 
Plastic Leaded Chip Carrier (PLCC) 
Plastic DIP 
Plastic Small Outline IC 
Thin Smali Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 


Access Time: 150 ns 
200 ns 
250 ns 


Shipping: Tube 
Tape and Reel "L" and "SO" 


Option: =twc =1ms 
= two = 200 ps 


| Device: 28C17A 2Kx8CMOS EEPROM 
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MICROCHIP 


28C64A 





64K (8K x 8) CMOS EEPROM 





FEATURES 


Fast Read Access Time—150 ns 

¢ CMOS Technology for Low Power Dissipation 

— 30 mA Active 

— 100 pA Standby 

Fast Byte Write Time—200 ps or 1 ms 

Data Retention >10 years 

e High Endurance - Minimum 10* Erase/Write Cycles 

Automatic Write Operation 

— Internal Control Timer 

— Auto-Clear Before Write Operation 

— On-Chip Address and Data Latches 

Data Polling 

¢ Ready/Busy 

Chip Clear Operation 

Enhanced Data Protection 

— Vcc Detector 

— Pulse Filter 

— Write Inhibit 

Electronic Signature for Device Identification 

5-Volt-Only Operation 

Organized 8Kx8 JEDEC Standard Pinout 

— 28-pin Dual-In-Line Package 

— 32-pin Chip Carrier (Leadless or Plastic) 

— 28-pin Thin Small Outline Package (TSOP) 
8x20mm 

— 28-pin Very Small Outline Package (VSOP) 
8x13.4mm 

Available for Extended Temperature Ranges: 

— Commercial: 0°C to 70°C 


DESCRIPTION 


The Microchip Technology Inc. 28C64A is a CMOS 64K 
non-volatile electrically Erasable PROM. The 28C64A is 
accessed like a static RAM for the read or write cycles 
without the need of external components. During a “byte 
write”, the address and data are latched internally, freeing 
the microprocessor address and data bus for other opera- 
tions. Following the initiation of write cycle, the device will 
go to a busy state and automatically clear and write the 
latched data using an internal control timer. To determine 
when the write cycle is complete, the user has a choice of 
monitoring the Ready/Busy output or using Data polling. 
The Ready/Busy pin is an open drain output, which allows 
easy configuration in wired-or systems. Alternatively, 
Data polling allows the user to read the location last 
written to when the write operation is complete. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and reliabil- 
ity are required. Acomplete family of packages is offered 
to provide the utmost flexibility in applications. 





BLOCK DIAGRAM 


Data Protection 
Circuit 


Control Logic 


Auto Erase/Write 
Timing 


Cell Matrix 


Py 
besbos 


' ' 
Meth! 4 


RDY/BSY 
A12 

A7 

AG 


OE 
Alt 
AQ 
AB 
NC 
WE 


YC¢ 
RDY/BSY 
Ai2 

A7 

A6 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS* 


Vcc and input voltages w.r.t. VSsS........ -0.6V to + 6.25V 


Voltage on OE W.r.t. VSS ......ccssccsssseeneeee -0.6V to +13.5V 
Voltage On AQ W.Fr.t. VSS... secseessesceeenes -0.6V to +13.5V 
Output Voltage w.r.t. VSS... -0.6V to Vcc+0.6V 
Storage temperature .................csssecees -65°C to 125°C 
Ambient temp. with power applied .........-50°C to 95°C 


*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ / WRITE OPERATION 
DC Characteristics 


Parameter 


Input Voltages Logic "1" 


Logic "0" 
Input Leakage 


Input Capacitance 


Output Voltages 


Output Leakage 


Output Capacitance 


Power Suppy Current, Active 


Power Supply Current, Standby | TTL input 


Note: (1) AC power supply current above 5 MHz: 2 mA/MHz. 


(2) Not 100% tested. 


Ls ° 
V 


ICC(S)TTL 
TTL input ICC(S)TTL 
CMOS input | I|cc(s)ycmos 









| PIN FUNCTION TABLE 


Address Inputs 















AO - A12 























CE Chip Enable 
OE Output Enable 
WE Write Enable 
1/00 - 1/07 | Data Inputs/Outputs 
RDY/Busy | Ready/Busy 
Vcc +5V Power Supply 
Vss Ground 
NC No Connect; No Internal Connection 


NU Not Used; No External Connection is 


Allowed 


Vcc = +5V +10% 
Commercial (C): Tamb= 0°C to 70°C 
Industrial (I): Tamb= -40°C to 85°C 


VIN = OV; Tamb = 25°C; 
= 1 MHz (Note 2) 


Logic "1" 2.4 V 
Logic “O" V 0.45 V 
TTL input icc 


VouT = -0.1V to Vcc +0.1V 


VIN = OV; Tamb = 25°C; 
f= 1 MHz (Note 2) 


f = 5 MHz (Note 1) 
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READ OPERATION AC Testing Waveform: ViH = 2.4V; Vit = 0.45V; VOH = 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20ns 
Ambient Temperature: Commercial (C): Tamb= 0°C to 70°C 
Industrial ——_ (I): Tamb = -40°C to 85°C 





Note: (1) Not 100% tested. 


READ WAVEFORMS 


Address 


tOFF(1,3) 
tOH 


VOH 

Vou KK irene 97)! 

—  VIH 

WE 
VIL 


Notes: (1) toFF is specified for OE or CE, whichever occurs first ooo 
(2) OE may be delayed up to tcE - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested 





SEP A ES aS Sg ES ASS PS A ES A a ST TIT 
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BYTE WRITE 


AC Characteristics Output Load: 


Address Set-Up Time . | 
Address Hold Time 

Data Set-Up Time 

Data Hold Time 

Write Pulse Width 

Write Pulse High Time | 
OE Hold Time 

OE Set-Up Time 

Data Valid Time 

Time to Device Busy 

Write Cycle Time (28C64A) 
Write Cycle Time (28C64AF) 


AC Testing Waveform: 


Input Rise/Fall Times: 
Ambient Temperature: 


VIH = 2.4V and Vi = 0.45V; VOH=2.0V; VoL =0.8V 
1 TTL Load + 100 pF | 

20ns_ 

Commercial (C): Tamb = 0°C to 70°C 

Industrial — (1): Tamb = -40°C to 85°C 


0.5 ms typical 


ps 100 is typical 


BOBOG 


Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 


the positive edge of CE or WE, wichever occurs first. 


(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
tH after the positive edge of WE or CE, whichever occurs first. 





PROGRAMMING WAVEFORMS 


Address 


VIH 
Data In 


VIL 


VIH 


VIL 


VOH 
Rdy/Busy 
VOL 
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DATA POLLING WAVEFORMS 


: Last Written 


: tACc 


X TIL WN tce 


tWPH 


oe TSH 


OE 


Lf RNAWAAS 


tov 


Data In aes 


twc 





CHIP CLEAR WAVEFORMS 


tw = 10ms 
ts =tH = 1ys 
VH = 12.0V +0.5V 


SUPPLEMENTARY CONTROL 


Note: VH = 12.0V +0.5V * Pulsed per programming waveforms. 
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DEVICE OPERATION 


The Microchip Technology Inc. 28C64A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation Mode CE) OE|WE| vo Rdy/Busy (1) 


Read 


Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 


Byte Clear Automatic Before Each "Write" 


Note: (1) Open drain output. 
(2) X = Any TTL level. 




















—-x<x< rir 
TX er K KO 
mo cKx KK 
rrTTtT TTL 






Read Mode 


The 28C64A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (tAcc) is 
equal to the delay from CE to output (tce). Data _is 
available at the output toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tacc-toe. 


Standby Mode 


The 28C64A is placed in the standby mode by applying 
ahigh signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


‘Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C64A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The Ready/Busy pin goes to alogiclow 
level indicating that the 28C64A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C64A has completed writing and is ready 
to accept another cycle. 


Data Pollin 


The 28C64A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (I/O0 to I/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Electronic Signature for Device Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 1FEO to 
1FFF, the additional bytes can be written to or read from 
in the same manner as the regular memory array. 


Chip Clear 


All data may be cleared to 1's ina chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 


re A A ES SP TT SSF AYU SY ASV BET U NP SEI PT AY I SEN TTT EATS 
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NOTES: 





eR iE SC TEE 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 
28C64AF T-15 I/P 


Cerdip 

Plastic Leaded Chip Carrier (PLCC) 

Plastic DIP 

Plastic Small Outline IC 

Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 


Access Time: 150 ns 
200 ns 
250 ns 


Shipping: Tube 
Tape and Reel “L" and "SO" 


Option: = twc = 1 ms 
= two = 200 us 
Pin 1 NC (Pin 2 PLCC), twc = 1 ms 


8K x 8 CMOS EEPROM 
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MICROCHIP 

SECTION 7 

EPROM PRODUCT SPECIFICATIONS 

EPROM EPROM Selection: Gute cccicissseecevocdessesccocescescccatescuceusssusasvasniceewiacsontateans 7- 1 
27C64 64K (8K x 8) CMOS EPROM .............c:cccccccsssssesceeecesnsssceceeeensteeseeeeeeeeeeeers 7- 3 
27LV64 64K (8K x 8) Low Voltage CMOS EPROM ............ccccccccsccenscsereetecceecessceees 7- 11 
270128 128K (16K x 8) CMOS EPROM ..............sscsccccccssssssccccccessssscnecsssecconscnereeeees 7- 19 
27C256 256K (32K x 8) CMOS EPROM ...........scccccccccsssssssccccecsessssseeccsresecceereeseeeens 7- 27 
27HC256 256K (32K x 8) High Speed CMOS EPROM ..............ccsssscceeeteeseeeeeeeeeeeees 7- 35 
27LV256 256K (32K x 8) Low Voltage CMOS EPROM ..............c:ssccccsssecsseesseeseeeees 7- 43 
27HC1616 256K (16K x 16) High Speed CMOS EPROM ..............:cccscesersceeeseseseeeeees 7- 51 
270512 512K (64K x 8) CMOS EPROM .........ecscecesseeceeseceesnsccesenenssesscseeeeseneees 7- 59 
27C512A 512K (64K X.8) CMOS EPROM an. cscsessessisussnscscasndecdenssensssovdeessvdesenecaccoades 7- 67 
27LV512 512K (64K x 8) Low Voltage CMOS EPROM ...............ecccecceesteceeeecceeneeees 7- 75 
37LV36/65/128 36K/64K/128K Serial EPROM Family Product Brief ....................ssscsceseeees 7- 83 
EPROM EPROM Cross Reference Guide ...................::ssssssesseseesecesnceesteceoeseseeeeeses 7- 85 
EPROM EPROM Programming Guide ....0.00.......... eee ecsecescssssssccestensssnecesscccenccconseeees 7- 101 


ae PR EE SP YAP PA IE OE PSU EP SE C/V FT ST ECP AE Ah A RS TE ETE TTS, 
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EPROMs 


MICROCHIP 
EPROM Selection Guide 
CMOS EPROMs 
PART QTP ACCESS SUPPLY TEMP STANDBY 
NUMBER AVAIL. SIZE ORG TIME (ns) VOLTAGE PACKAGE RANGE CURRENT 
27C64 YES 64K 8K x8 120-250 +5V J,K,L,P.SO,TS Cl 2mA/100pA 
27C128 YES 128K 16K x8 120-250 +5V J,K,L.P.SO Cl 2mA/100nA 
270256 YES 256K 32K x 8 90-200 +5V J,K,L,P,SO,TS,VS C,I,E 2mA/100pA 
27C512 YES 512K 64K x8 90-200 +5V J,K,L,P.SO,TS,VS C,I,E 2mA/100nA 
27C512A YES 512K 64K x 8 70-150 +5V J,K,L,P.SO,TS,VS CLE 2mA/30pA 
271LV64 YES 64K 8K x8 200-300 +3V to +5V J,K,L,P,SO,TS Cl 1mA/100pA 
271N256 YES 256K 32K x 8 200-300 +3V to +5V J,K,L,P.SO,TS,VS Cl 1mA/100nA 
27\V512 YES 512K 64K x8 200-300 +3V to +5V J,K,L,P.SO,TS,VS C,! ImA/100pA 
27HC256 NO 256K 32K x8 55-90 +5V J,K,L,P,SO,TS,VS C,I,E 35mA 
27HC256L NO 256K 32K x 8 90 +5V J,K,L,?.SO,TS,VS Cl 2mA/100pA 
27HC1616 NO 256K 16K x 16 55-70 +5V 40J, 44K Cl 50mA 
PACKAGES 
P = Plastic DIP J = Ceramic DIP = PLCC ~K = Ceramic LCC 
SN = .150" 8ld SOIC SM = .207* 8id SOIC = .150" 14Ild SOIC SO = .300" 28id SOIC 
S_ = Dice in Wafflepack = Dice in Wafer Form TS = 28ld TSOP (8x20mm) 
| = 28Id VSOP (8x13.4mm) 


* Endurance is guaranteed to 10K cycles at extended (-40°C to +125°C) temperature. 


NOTE: NOT ALL COMBINATIONS OF SPEED/TEMPERATURE RANGE/PACKAGE/ETC. ARE AVAILABLE. 


CONSULT FACTORY FOR SPECIFIC PART INFORMATION. 
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MICROCHIP 


2/C64 


64K (8K x 8) CMOS EPROM 





FEATURES 


High speed performance 

—120 ns access time available 

CMOS Technology for low power consumption 
—20 mA Active current 

—100 pA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed "express" programming algorithm 
Organized 8K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—28-pin TSOP package 

—Tape and reel 

Available for the following temperature ranges: 
—Commercial: 0°C to 70°C 

—Industrial: | -40°C to 85°C 

—Automotive: -40°C to 125°C 


PIN CONFIGURATIONS 


DESCRIPTION 


The Microchip Technology Inc. 27C64 is a CMOS 64K 
bit (electrically) Programmable Read Only Memory. The 
device is organized as 8K words by 8 bits (8K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plished in less than 120 ns. CMOS design and process- 
ing enables this part to be used in systems where 
reduced power consumption and high reliability are 
requirements. 


A complete family of packages is offered to provide 
the most flexibility in applications. For surface mount 
applications, PLCC, SOIC, or TSOP packaging is 
available. Tape and reel packaging is also available 
for PLCC or SOIC packages. UV erasable versions 
are also available. 


Top View 


OE 


Al1 


AQ 
A8 
NC 





PGM 
Vcc 


Vee 
A12 
A7 
A6 
AS 
A4 
A3 


DIP/SOIC PLCC/LCC 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 

Function Maximum Ratings* ! 
Vcc and input voltages w.r.t. VSS........... -0.6V to +7.25V 

Address Inputs Vpp voltage w.r.t. Vss during 

Chip Enable PFOGFAMMING .......ccescesesessesssesseseeseeesess -0.6V to +14V 

Output Enable Voltage On AQ W.rt. VSS wesssssssssesssssneee -0.6V to +13.5V 

aie Itage Output voltage w.r.t. VSS... eee -0.6V to Vcc +1.0V 
Storage temperature .............sccccessseeees -65°C to 150°C 


Data Output 
+5V Power Supply 
Ground 


Ambient temp. with power applied ....... -65°C to 125°C 


one “Notice: Stresses above those listed under “Maximum Ratings” 
No Connection; No Intemal may Cause permanent damage to the device. This is a stress 
Connections rating only and functional operation of the device at those or any 
Not Used; No External other conditions above those indicated in the operation listings 
Connection Is Allowed of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 





Vec= +5V +10% 
READ OPERATION Commercial: Tamb= 0°C to 70°C 


DC Characteristics Industrial: Tamb= -40°C to 85°C 


Extended (Automotive): Tamb= -40°C to 125°C 


Logic "1" 
Logic "0" 


Logic "1" 
Logic “O" 


VouT = OV; Tamb= 25°C; 
f= 1 MHz 

Vcc = 5.5V; Vep = VCC; 
f= 1 MHz; 

OE = CE= VIL; 
lout = 0 mA; 

Vi = -0.1 to 0.8V; 

VIH = 2.0 to Vcc; 


Power Supply Current, 
Active 


Power Supply Current, C TTL input Icc(s) 
Standby LE TTL input __ 
all | CMOS input ~~ A | CE=Vcc+0.2V 


lpp Read Current Read Mode IPP ere Fe 
Vpp Read Voltage Read Mode Veep .| Voc-0.7 Vcc V 


ep le 


* Parts: C = Commercial Temperature Range; |, E = Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 
(2) Vcc must be applied before Vpp, and be removed simultaneously or after V pp. 
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AC Testing Waveform:  VIH = 2.4V and VIL = 0.45V; VOH=2.0V VoL =0.8V 

Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 10 ns 

Ambient Temperature: Commercial: Tamb= O°Cto 70°C 
Industrial: Tamb = -40°C to 85°C 
Extended (Automotive): Tamb= -40°C to 125°C 


READ OPERATION 
AC Characteristics 


Parameter 


CE or OE to O/P High 
Impedance 


Output Hold from _ 


Address CE or OE, 
whichever occurs first 


READ WAVEFORMS 


Address a Address Valid ae 


ey 


tOFF(1,3) 
tOH 


00° KL vatsoume 


tAcc 


Notes: (1) torr is specified for OE or CE, whichever occurs first _ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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~ PROGRAMMING , Ambient Temperature: Tamb = 25°C +5°C 
DC Characteristics Vcc = 6.5V + 0.25V, Vepp = VH = 13.0V + 0.25V 


Input Voltages Logic “1° | 
| Logic "0" 


Logic "1" : IOH = -400 pA 
lo. = 2.1 mA 





Note: (1) Vcc must be applied simultaneously or before Vep and removed simultaneously or after V PP 


PROGRAMMING AC Testing Waveform: VIH = 2.4V and ViL = 0.45V; VOH=2.0V; VOL =0.8V 
AC Characteristics Ambient Temperature: Tamb = 25°C +5°C 

for Program, Program Verify Vcc = 6.5V + 0.25V, VpP = VH = 13.0V + 0.25V 

and Program Inhibit Modes 


Parameter 

Address Set-Up Time 
Data Set-Up Time 
Data Hold Time 


Address Hold Time 


Float Delay (2) 

Vcc Set-Up Time 
Program Pulse Width (1) 
CE Set-Up Time | 
OE Set-Up Time 


VpP Set-Up Time 


Data Valid from OE 


Notes: (1) For express algorithm, initial programming width tolerance is 100 us +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 3 
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PROGRAMMING 
Waveforms (1) 


Program 


\ 
Address Address Stable B 


tAH 


High Z paces 


Data In [ Datain Stable 


5.0 V 


_ =a 
5.0 V 
_. VIH 
VIL 
Ta 


VIH 


Data Out Valid 


~~ {OF 
(2) 
13.0 V (3) 


VIL 


VIH 
OE 
Vit 


Notes: (1) The input timing reference is 0.8 V for ViL and 2.0 V for VIH 
(2) toF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5 V +0.25 V, Vpp = VH = 13.0 V 40.25 V for Express algorithm. 





MODES Read Mode 
Pvt ne [8 | FE | wr ovr (See Timing Diagrams and AC Characteristics) 
Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 





Vcc | VH| Identity Code 





pins. 
X = Don't Care 
For Read operations, if the addresses are stable, the 
address access time (tAcc) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 
© 1994 Microchip Technology Inc. DS11107I-page 5 
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Standby Mode 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 pA. 


Output Enable 


This feature eliminates bus contention in microproces- 
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


e The OE and PGM pins are both high. 
Erase Mode (U.V. Windowed Versions 


Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1’s state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm? is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000uW/cm? for approximately 20 minutes. 


Programming Mode 


The Express Algorithm has been developed to improve 
the programming throughput times in a production envi- 
ronment. Up to ten 100-microsecond pulses are applied 
until the byte is verified. No overprogramming is re- 
quired. A flowchart of the express algorithm is shown in 
Figure 1. 


Programming takes place when: 
a) Vcc is brought to the proper voltage, 
b) VpPis brought to the proper VH level, 
c) the CE pin is low, 
d) the OE pin is high, and 
e) the PGM pin is low. 


Since the erased state is “1” in the array, programming 
of “0” is required. The address to be programmed is set 
via pins AO-A12 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable, OE is high, CE is low and alow-going pulse on the 
PGM line programs that location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 

b) Vpp is at the proper VH level, 
c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 


identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A@9 is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on O0 through O7. 





* Code subject to change. 


en a A A re AE Ei hr SE hr ee RN Pe PEE a fC EAE TC PY AD 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 

Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
VppP = 13.0 +0.25V 


ADDR = First Location 
Vcc = 6.5V 
VpP = 13.0V 










Program one 100 ps pulse 
Increment X 


Verify 
Byte 


Pass 














Increment Address 
Vcc = VpP = 4.5V, 5.5V 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 


factory or the listed sales offices. 


PART NUMBERS 
27C64 - 25 I/K 


Package: 


Temperature 
Range: 


Access Time: 


Device: 


Cerdip 

Ceramic Leadiess Chip Carrier 

Plastic Leaded Chip Carrier 

Plastic DIP 

Plastic SOIC 

Thin Small Outline Package (TSOP) 8x13.4mm 


0°C to 70°C 
-40°C to 85°C 
-40°C to 125°C 


120 ns 
150 ns 
170 ns 
200 ns 
250 ns 


64K (8K x 8) CMOS EPROM 
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MICROCHIP 


2/LV64 





64K (8K x 8) Low Voltage CMOS EPROM 





FEATURES 


Wide voltage range 3.0V to 5.5V 

High speed performance 

—200 ns access time available at 3.0V 

CMOS Technology for low power consumption 
—8 mA active current at 3.0V 

—20 mA active current at 5.5V 

—100 pA standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed "express" programming algorithm 
Organized 8K x 8: JEDEC standard pinouts 
——28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—28-pin TSOP package 

—Tape and reel 

Available for the following temperature ranges: 
—Commercial: 0°C to 70°C 

—Industrial: -40°C to 85°C 


PIN CONFIGURATIONS 


DESCRIPTION 


The Microchip Technology Inc. 27LV64 is a low-voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. The device is organized as 8K x 8 (8K- 
Byte) non-volatile memory product. The 27LV64 con- 
sumes only 8mA maximum of active current during a 3.0 
volt read operation therefore improving battery perfor- 
mance. This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMs 
can not be used. Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 3.0V. 
This device allows system designers the ability to use 
low voltage non-volatile memory with todays low voltage 
microprocessors and peripherals in battery powered 
applications. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 


Top View 


DIP/SOIC PLCC/LCC 


© 1994 Microchip Technology Inc. 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 
Function | Maximum Ratings* 
Vcc and input voltages w.r.t. VSs........... -0.6V to +7.25V — 

Address Inputs Vpp voltage w.r.t. Vss during 

Chip Enable PFOGrAMMING ..........essceceeees sieseteoks -0.6V to +14V 
oe ee Voltage On AQ W.F-t. VSS .cessscesessssneentnes -0.6V to +13.5V 
ss areal os — Output voltage W.r.t. VSS 0... eee -0.6V to Vcc +1.0V 
is aunie g Storage temperature ..............cseeseeeees -65°C to 150°C 
+5V Or +3V Power Supply Ambient temp. with power applied ....... -65°C to 125°C 


Ground 
“Notice: Stresses above those listed under “Maximum Ratings” 


be Connection; No Internal may cause permanent damage to the device. This is a stress 
Connections rating only and functional operation of the device at those or any 
Not Used; No External other conditions above those indicated in the operation listings 
Connection Is Allowed of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 










READ OPERATION Vcc = 3.0V to 5.5V unless otherwise specified 
DC Characteristics Commercial: Tamb= 0°C to 70°C 
Industrial: Tamb= -40°C to 85°C 
























Logic "1° 
Logic "0" 






Logic "1" 
Logic “O" 






loL=2.1mA 


ae Vout = OV to Vcc 





pF VIN = OV; Tamb = 25°C; 
f= 1 MHz 


Vout = 0V;Tamb= 25°C; 
f= 1 MHz 

Vcc = 5.5V; Vpp = Vcc; 
f= 1 MHz; 

| OE =CE=ViL; 
lout = O mA; 

ViL = -0.1 to 0.8V; 

ViH = 2.0 to Vcc; 

Note 1 













Power Supply Current, 
Active 




















1 @ 3.0V 
2 @ 3.0V 


Power Supply Current, 
Standby 


TTL input 
TTL input 
CMOS input 


* Parts: C = Commercial Temperature Range; | = Industrial Temperature Range 
Notes: (1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 






100 @ 3.0V 





a 
DS11024C-page 2 © 1994 Microchip Technology Inc. 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and ViL = 0.45V; VOH=2.0V VOL =0.8V 
= nas Output Load: 1 TTL Load + 100 pF 
fy eleerenence Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= 0°C to 70°C 
Industrial: Tamb = -40°C to 85°C 


Parameter 


Impedance 
Output Hold from __ 


Address CE or OE, 
whichever goes first 


READ WAVEFORMS 





Address AG Address Valid Be 


te 


tOFF(1,3) 
tOH 


Outputs / WAAN\ High Z 


Notes: (1) torF is specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tcE - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING Ambient Temperature: Tamb = 25°C +5°C 
DC Characteristics Vcc = 6.5V + 0.25V, Vpp = VH = 13.0V + 0.25V 


Logic "1" 
Logic “O" 


Logic *1" 
Logic “O" 





Note: (1) Vcc must be applied simultaneously or before VeP and removed simultaneously or after VPP 


PROGRAMMING AC Testing Waveform: Vid = 2.4V and VIL = 0.45V; VoH = 2.0V; VoL = 0.8V 
AC Characteristics Ambient Temperature: Tamb = 25°C +5°C 

for Program, Program Verify Vcc = 6.5V + 0.25V, Vpp = VH = 13.0V + 0.25V 

and Program Inhibit Modes 


Parameter 


100 its typical 


Notes: (1) For express algorithm, initial programming width tolerance is 100 ps +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 





ee ee ee eee ee ee 
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PROGRAMMING 
Waveforms (1) 


Program 


Address C Address Stable 


tas AH 


Data In Stable Data Out Valid 


a tOF 
(2) 
13.0 V (3) 


5.0 V 
6.5 V (3) 
5.0 V 
VIH 

Vit 

VIH 

Vit 


VIH 
OE 





VIL 


Notes: (1) The input timing reference is 0.8V for Vit and 2.0V for VIH. 
(2) toF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.25V for Express algorithm. 





MODES Read Mode 


(See Timing Diagrams and AC Characteristics) 








ee Read Mode is accessed when 
IN 
High Z a) the CE pin is low to power up (enable) the chip 
High Z 
High Z b) the OE pin is low to gate the data to the output 
Identity Code , 
pins. 
_ X= Don't Care 
For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 
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Standby Mode 


The standby mode is defined when the CE pin is high 
(ViH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 pA. 


Output Enable 


This feature eliminates bus contention in microproces- 
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


e The OE and PGM pins are both high. 
Erase Mode (U.V. Windowed Versions 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000uW/cm? for approximately 20 minutes. 


Programming Mode 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the express algorithm is shown 
in Figure 1. 


Programming takes place when: 


a) Vcc is brought to proper voltage, 
b) VpPis brought to proper Vu level, 
c) the CE pin is low, 

d) the OE pin is high, and 

e) the PGM pin is low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO-A12 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable,OE ishigh, CE is low anda low-going pulse on the 
PGM line programs that location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 

b) VpP is at the proper VH level, 
c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


Inhibit 


When programming n multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low ona particular device in conjunction with the PGMor 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
presenton CE or PGM); and the device is inhibited from 
programming. 


Identity Mode 


In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc and 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at ViL. AO is used to access any of the two non-erasable 
bytes whose data appears on OO through O7. 






Manufachurch, i 
Device Type*} ViH 


* Code subject to change. 





rrr TEV UE TE SS ne PP A PE PT TA ES ET ED 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 
Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
VpP = 13.0 +0.25V 
ADDR = First Location 
Vcc = 6.5V 
Vpp = 13.0V 










Program one 100 us pulse 
Increment X 


Verify 
Byte 


Pass 









Address? 


increment Address 
Vcc = Vpp = 4.5V, 5.5V 


All 
Device Yes No Device 
Passed Failed 















bytes 
= Original 
data? 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 


factory or the listed sales offices. 


PART NUMBERS 
27LV64 - 25 1/K 


Package: 


J 
K 
L 
P 
SO 
TS 


Temperature 
Range: 


Access Time: 


Device: 27LV64 





Cerdip 

Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 

Plastic SOIC 

Thin Small Outline Package 


0’°C to 70°C 
-40°C to 85°C 


200 ns 
250 ns 
300 ns 


64K (8K x 8) Low voltage CMOS EPROM 


DS11024C-page 8 
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NMAICROCHIP 


27C128 





128K (16K x 8) CMOS EPROM 





FEATURES 


High speed performance 

—120 ns access time available 

CMOS Technology for low power consumption 
—20 mA Active current 

—100 pA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto !D aids automated programming 
Separate chip enable and output enable controls 
High speed "express" programming algorithm 
Organized 16K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—28-pin TSOP package 

—Tape and reel 

Available for the following temperature ranges: 
—Commercial: 0°C to 70°C 

—Industrial: -40°C to 85°C 

—Automotive: -40°C to 125°C 


PIN CONFIGURATIONS 


PLCC/LCC 


DIP/SOIC 


© 1994 Microchip Technology Inc. 


DESCRIPTION 


The Microchip Technology Inc 27C 128 isa CMOS 128K 
bit (electrically) Programmable Read Only Memory. The 
device is organized as 16K words by 8 bits (16K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plished in less than 120 ns. CMOS design and process- 
ing enables this part to be used in systems where 
reduced power consumption and high reliability are 
requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appili- 
cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail- 
able. 


Top View 
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PIN FUNCTION TABLE 


Address Inputs 

Chip Enable 

Output Enable 
Program Enable 
Programming Voltage 
Data Output 

+5V Power Supply 
Ground 

No Connection; No 
Internal Connections 
Not Used; No External 
Connection Is Allowed 























READ OPERATION 
DC Characteristics 


input Voltages 


Input Leakage 


Ka 
[ewan | 
Gg 


Output Leakage 
Input Capacitance 
Output Capacitance 
Cc 
LE 
Power Supply Current, C 
Standby a 


Power Supply Current, 
| all 


Commercial: 
Industrial: 


Extended (Automotive): 


Logic “1" 
Logic "0" 


Logic "1" 
Logic “O" 


TTL input 
TTL input 


ci 
= 


VOH 


CIN 


Active 





TTL input 
TTL input 
CMOS input 


IpP Read Current Read Mode 
Vpp Read Voltage Read Mode 


ICc(s) 


IPP 
VPP 


oO =< 


* Parts: 


C = Commercial Temperature Range; !, E = Industrial and Extended Temperature Ranges 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


_ Vec and input voltages w.r.t. VSS.......... -0.6V to +7.25V 


VpP voltage w.r.t. VSs during 


DIODrAMMING ssicicisicns cca can -0.6V to +14V 
Voltage on AQ W.F.t. VSS on ecceseseceeenee -0.6V to +13.5V 
Output voltage w.r.t. VSS... ee -0.6V to Vcc + 1V 
Storage temperature ...............ccessesseeee -65°C to 150°C 


Ambient temp. with power applied ....... -65°C to 125°C 


*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Vcc = +5V 10% 


Tamb= O°C to 70°C 
Tamb = -40°C to 85°C 
Tamb = -40°C to 125°C 


[max _|units| Conditions 
0.8 V 
Vin = 0 to Vcc 
V_ | loH=-400 pA 
V | loL=2.1mA 
f= 1 MHz 
VouT = OV;Tamb = 25° C; 
f= 1 MHz 
mA | Vcc = 5.5V; Vpp = Vcc; 
mA | f=1 MHz; 
VIH = 2.0 to VCC; 
Note 1 
mA 
mA 
A | CE=Vcc +0.2V 
U. Vpp = 5.5V 
V Note 2 


OE =CE=VIL; 
lout = O mA; 
ViL = -0.1 to 0.8V; 


100 
Vcc 


Notes: (1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 
(2) Vcc must be applied before Vpp, and be removed simultaneously or after V pp. 
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270128 


AC Characteristics Output Load: Paes 100 PF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= 0°C to 70°C 
Industrial: Tamb = -40°C to 85°C 
Extended (Automotive): Tamb = -40°C to 125°C 


Parameter 


Address to Output Delay tacc 
CE to Output Delay 


OE to Output Delay 


CE or OE to O/P High 
Impedance 


Output Hold from_ 
Address CE or OE, 
whichever occurs first 


READ WAVEFORMS 





Address < Address Valid — 


a 


Outputs I / WAA\K\ High Z 


tOFF(1,3) 


Notes: (1) torr is specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tce - toe after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING Ambient Temperature: Tamb = 25°C +5°C 
DC Characteristics Vcc = 6.5V + 0.25V, VPP = 13.0V + 0.25V 


| Input Voltages Logic "1" 
Logic “O" 





Logic "1" 
Logic “O" 


Note: (1) Vcc must be applied simultaneously or before VpP and removed simultaneously or after V PP 


PROGRAMMING AC Testing Waveform: VIH = 2.4V and ViL = 0.45V; VOH=2.0V; VoL =0.8V 
AC Characteristics Ambient Temperature: Tamb = 25°C +5°C 

for Program, Program Verify Vcc = 6.5V + 0.25V, VPP = 13.0V + 0.25V 

and Program Inhibit Modes 


Parameter 


Notes: (1) For express algorithm, initial programming width tolerance is 100 ps +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 








DS11003!I-page 4 © 1994 Microchip Technology Inc. 
7-22 


270128 


PROGRAMMING 
Waveforms (1) 


Program 


Address Address Stable 


High Z pee 


Data In [Data in Stable 


5.0 V 


a“ iad 
5.0 V 
VIH 
ViL 
Ta 


Data Out Valid [) 


13.0 V (3) 


tCES 
VIH 


Vit 
VIH 


OE 
VIL 





Notes: (1) The input timing reference is 0.8V for Vit and 2.0V for VIH. 
(2) tor and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.25V for Express algorithm. 





MODES Read Mode 


(Operation Mode: Mode Le Fv ol coor (See Timing Diagrams and AC Characteristics) 


X 
Read Mode is accessed when 


a) the CE pin is low to power up (enable) the chip 
b) the OE pin is low to gate the data to the output pins. 





X 
X 
X 
X 
X 
V 


H| Identity Code 


X = Don't Care For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from 
CE to output(tCE). Datais transferred to the output after 
a delay from the falling edge of OE (tOE). 
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Standby Mode 


The standby mode is defined when the CE pin is high 
(ViH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 pA. 


Output Enable 


This feature eliminates bus contention in microproces- 
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


e The OE and PGM pins are both high. 


Erase Mode (U.V. Windowed Versions 

Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1’s state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm? is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000uW/cm? for approximately 20 minutes. 


Programming Mode 


The Express Algorithm has been developed to improve 
the programming throughput times in a production envi- 
ronment. Up to ten 100-microsecond pulses are applied 
until the byte is verified. No overprogramming is re- 
quired. A flowchart of the express algorithm is shown in 
Figure 1. 


Programming takes place when: 


a) Vcc is brought to the proper voltage, 
b) VPPis brought to the proper VH level, 
c) the CE pin is low, 

d) the OE pin is high, and 

e) the PGM pin is low. 


Since the erased state is “1” in the array, programming 
of “0” is required. The address to be programmed is set 
via pins AO-A13 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable, OE is high, CE is low anda low-going pulse onthe 
PGM line programs that location. 


Verify 


After the array has been programmed it must be verified 
to ensure that all the bits have been correctly pro- 
grammed. This mode is entered when all the following 
conditions are met: 


a) Vcc is at the proper level, 

b) VppP is at the proper VH level, 
c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low ona particular device in conjunction with the PGMor 
CE line low, that device will be programmed; ail other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 








Identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc, and device 
type. This mode is entered when Pin AQ is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on O0 through O7. 








facnuiastarae| Vit 29 
Device Type*} VIH 83 


* Code subject to change. 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 
Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
VpP = 13.0 +0.25V ADDR = First Location 
Vcc = 6.5V 
Vpp = 13.0V 










Program one 100 us pulse 
increment X 


Verify 
Byte 


Pass 









Address? 


Increment Address 
Vcc = Vpp = 4.5V,5.5V 


All 
Device Yes No Device 
Passed Failed 












bytes 
= original 
data? 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
270128 - 25 I/P 
Package: J Cerdip 
K Ceramic Leadless Chip Carrier 
L  — Plastic Leaded Chip Carrier 
P Plastic DIP 
sO Plastic SOIC 
TS Thin Small Outline Package (TSOP) 8x13.4mm 
Temperature - 0’C to 70°C 
Range: I -40°C io 85°C 
E -40°C to 125°C 
Access Time: 12 120 ns 
15 150 ns 
17 170 ns 
20 200 ns 
25 250 ns 


Device: 27C128 128K (16K x 8) CMOS EPROM 
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MicROCHIP 2/C256 


256K (32K x 8) CMOS EPROM 








FEATURES PIN CONFIGURATION 


High speed performance 

— 90 ns access time available 

¢ CMOS Technology for low power consumption 
— 20 mA Active current 

— 100 pA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed “express” programming algorithm 
Organized 32K x 8: JEDEC standard pinouts 
— 28-pin Dual-in-line package 

— 32-pin Chip carrier (leadless or plastic) 

— 28-pin SOIC package 

— 28-pin Thin Small Outline Package (TSOP) 
— 28-pin Very Small Outline Package (VSOP) 
— Tape and reel 

Available for extended temperature ranges: 
— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

— Automotive: -40°C to +125°C 


5 
6 


” 
. 
i] 
J 
. 





DESCRIPTION 


The Microchip Technology Inc. 27C256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized as 32K words by 8 
bits (32K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than90ns_ This very 
high speed device allows the most sophisticated micro- 
processors to run at full speed without the need for WAIT 
states. CMOS design and processing enables this part 
to be used in systems where reduced power consump- 
tion and reliability are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC, SOIC or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail- 
able. 
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PIN FUNCTION TABLE 


Function 


Address Inputs 
Chip Enable 
Output Enable 


Programming Voltage 
Data Output 

+5V Power Supply 
Ground | 

No Connection; 

No Internal Connection 
Not Used; No External 
Connection is Allowed 


READ OPERATION 
DC Characteristics 


' Parameter 
Logic "1" 


Logic "0" 


Logic “1" 
Logic “O" 


Power Suppy Current, 
Active 


Power Supply Current, Cc 
Standby LE 


jpP Read Current 
Vpp Read Voltage 





TTL input 
TTL input 
all {| CMOS input 


ra Read Mode 
Read Mode 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


Vcc and input voltages w.r.t. VSss.......... -0.6V to +7.25V 
VeP voltage w.r.t. Vss during 


PFOQFAMMMING .........c.sssserceessssecesescees -0.6V to +14.0V 
Voltage on AQ W.r.t. VSS... eesescsssssessseeees -0.6V to +13.5V 
Output voltage w.r.t. VSS... -0.6V to Vcc + 1.0V 
Storage temperature ...............cssseesees -65°C to 150°C 


Ambient temp. with power applied ....... -65°C to 125°C 


“Notice: Stresses above those listed under “Maximum Ratings” 
may Cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Vcoc = +5V +10% 

Commercial: Tamb= 0°C to 70°C 

Industrial: Tamb = -40°C to 85°C 
Extended (Automotive): Tamb = -40°C to 125°C 


| Max |unts Conditions 
0.8 V 


ViN = 0 to Vcc 


1OH = -400 LA 
loL=2.1 mA 
VouT = OV to Vcc 


VIN = OV; Tamb = 25° C; 
f= 1 MHz 

VouT = OV; Tamb= 25° C; 
f= 1 MHz 

Vcc = 5.5V; Vpp = Vcc; 
f= 1 MHz; 

OE =CE=VIL; 

lout = 0 mA; 

Vit = -0.1 to 0.8V; 

VIH = 2.0 to VCC; 

Note 1 

Icc(s) 


IPP 
Vpp Vcc-0.7 


ela ale 


* Parts: C =Commercial Temperature Range 
I, E = Industrial and Extended Temperature Range 
Notes: (1) Active current increases 5 mA per MHz up to operating frequency for all temperature ranges. 
(2) Vcc must be applied before Vpp, and be removed simultaneously or after V PP. 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and VIL = .45V; VOH=2.0V VoL =0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 10nsec 
Ambient Temperature: Commercial: Tamb= 0°C to 70°C 
Industrial: | Tamb= -40°C to 85°C 
Automotive: Tamb= -40°C to 125°C 


Parameter 


Output Hold from __ 
Address CE or OE, 
whichever goes first 


*-10, -90 AC Testing Waveform: ViH = 2.4V and Vit = .45V; VOH = 1.5V and VoL= 1.5V 
Output Load: 1 TTL Load + 30 pF 





READ WAVEFORMS 


Address < Address Valid > 
tOFF(1,3) 


a 


00" , vaso 
00 - 07 \ Valid Output NTH 


Notes: (1) torr is specified for OE or CE, whichever occurs first _ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING Ambient Temperature: Tamb = 25°C +5°C 
DC Characteristics Vcc = 6.5V + 0.25V, V pP = 13.0V + 0.25V 


[Parameter | Status | symbol | min | Max [Unts| conations | 


Input Voltages Logic "1" VIH | Voc+1 V | 
Logic “O" Vit 0.8 V 
roa ee 
Output Voltages Logic "1" VOH 2.4 |. V lOH = -400 WA 
Logic "0" VOL 0.45 V loL =2.1mA 
vecineneoen awn [| wee [— | [mm [ows 


Note: (1) Vcc must be applied simultaneously or before VpPp and removed simultaneously or after V PP 















PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; VOH=2.0V; VoL=0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: Tamb = 25°C +5°C 

and Program Inhibit Modes Vcc = 6.5V + 0.25V, VpP= 13.0V + 0.25V 


[Parameter | Symbol 


Address Set-Up Time 
Data Set-Up Time 

Data Hold Time 

Address Hold Time 
Float Delay (2) 

Vcc Set-Up Time 
Program Pulse Width (1) 


CE Set-Up Time 


OE Set-Up Time 


VpP Set-Up Time 
Data Valid from OE 
Notes: (1) For express algorithm, initial programming width tolerance is 100 us +5%. 


(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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PROGRAMMING WAVEFORMS 


Program 


Address Address Stable 


‘i 
High Z — < 
Data [ Data Stable b 


omy | | 
=e 
VIH 

VIL 

VIH an 


VIL 


4 Data Out Valid 


> {DF 
(1) 
13.0V(2) 


5.0V 


Notes: (1) tDF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc =6.5 V +0.25V, VeP = VH = 13.0V +0.25V for express algorithm 





Read Mode 

(See Timing Diagrams and AC Characteristics) 
Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 
pins. 





For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 
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Standby Mode 


The standby mode is defined when the CE pin is high 
(ViH) and a program mode is not defined. 


When these condition are met, the supply current will 
drop from 20 mA to 100 pA. 


Output Enable 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


¢ The OE pin is high and program mode is not defined. 
Er M U.V. Windowed Version 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000 pW/cm2 for approximately 20 minutes. 


Programming Mode 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No over-programming 
is required. A flowchart of the express algorithm is 
shown in Figure 1. 


Programming takes place when: 


a) Vcc is brought to proper voltage, 
b) VPPis brought to proper VH level, 
c) The OE pin is high and 

d) the CE pin is low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO-A14 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable, alow-going pulse on the CE line programs that 
location. | 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: | 


a) Vcc is at the proper level, 

b) VPP is at the proper VH level, 
c) The CE pin is high and 

d) the OE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low ona particular 
device, that device will be programmed; all other devices 
with CE held high will not be programmed with the data, 
although address and data will be available on their input 
pins. 


Identity Mode 


In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc. and 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at Vit. AO is used to access any of the two non-erasable 
bytes whose data appears on OO through O7. 





* Code subject to change. 


tere AAS YS SSS SSS SR nA 2 EARN PSR PS SASS A SS SS ES SS SCS SS AN A SETPOINT SE SSSR 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 
Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
Vpp = 13.0 +0.25V ADDR = First Location 
Vcc = 6.5V 
Vpp = 13.0V 










Program one 100 us pulse 
Increment X 


Verify 
Byte 





Pass 












Address? 


Increment Address 
Vcc = Vpp = 4.5V, 5.5V 


All 
Device Yes No Device 
Passed Failed 














bytes 
= original 
data? 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 3 


PART NUMBERS 
27C256 -90 I/TS 


Package: CERDIP 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 
-40°C to 125°C 


Access Time: 90 ns 
100 ns 
120 ns 
150 ns 
200 ns 


256K (32K x 8) CMOS EPROM 
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MICROCHIP af Hi C256 


256K (32K x 8) High Speed CMOS EPROM 





FEATURES PIN CONFIGURATIONS 


e High speed performance 
— 55 ns access time available 
e CMOS technology for low power consumption 
— 55 mA active current 
— 100 pA standby current (low power option) 
¢ OTP (one time programming) available 
e Auto-insertion-compatible plastic packages 
e Auto ID aids automated programming 
e Organized in 32K x 8 - JEDEC Standard Pinouts 
— 28-pin Dual-in-line and SOIC package 
— 32-pin Chip carrier (leadless or plastic) 
— 28-pin Very Small Outline package (VSOP) 
e Available for the following temperature ranges: 
—Commercial: 0°C to +70°C 
—industrial: | -40°C to +85°C 
—Automotive: -40°C to +125°C 





































DESCRIPTION 


The Microchip Technology Inc. 27HC256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 32K words of 8 
bits each. Advanced CMOS technology allows bipolar 
speed with a significant reduction in power. A low power 
option (L) allows further reduction in the standby power 
requirement to 100 nA The 27HC256 is configured ina 
standard 256K EPROM pinout which allows an easy 
upgrade for present 27C256 users. A complete family 
of packages are offered to provide the utmost flexibility. 
The 27HC256 allows high performance microproces- 
sors to run at full speed without the need of wait states. 
CMOS design and processing makes this part suitable 
for applications where high reliability and reduced power 
consumption are essential. 
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PIN FUNCTION TABLE 


Function 





Address Inputs 
Chip Enable 
Output Enable 
Programming Voltage 

Data Output . 

+5V 

Ground 

No Connection; No Internal Connection 
Not Used; No External Connection Is 
Allowed 












READ OPERATION Voc = +5V 410% 


DC Characteristics 


Parameter 


Logic “1" 
Logic "0" 


Power Supply Current, 
Active 


Power Supply Current, C 
Standby, Std I, 


TTL input 
TTL input 
CMOS input 


Power Supply Current, 

Standby, “L" version 
low power 

lpP Read Current 

Vpp Read Voltage 


Cc 
a = 
1 LE 


* Parts: 
Ranges; 


C = Commercial Temperature Range; L = Low Power; |, E = 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


Vcc and input voltages w.r.t. VSS.......... -0.6V to +7.25V 
Vpp voltage w.r.t. Vss during eee 
-0.6V to +14V 


PFOQFAMIMING ......sc2cccssessessesccssceeecesseeneets 

Voltage On Ad W.F.t. VSS wcceccsssssssssesseeseee -0.6V to +13.5V 
Output voltage w.r.t. VSS... -0.6V to Vcc +1.0V 
Temperature under biaS...............:c000 -65°C to 125°C 
Storage temperature ..............sccccssseees -65°C to 150°C 
Maximum exposure to UV..............006 7258Wsec/cm? 
ESD protection on all pins.......... iseadulalicanuce dtsaante 2 KV 


*Notice: Stresses above those listed under “Maximum Ratings” 
may Cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Commercial: Tamb= 0°C to 70°C 
Industrial: Tamb= -40°C to 85°C 
Extended (Automotive): Tamb= -40°C to 125°C 


F | Vout = OV; Tamb = 25°C; 
_ |f=1MHz 

Vcc = 5.5V; Veep = Vcc 
f= 2 MHz; | 
OE =CE=VL; 

{| lout = 0 mA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0 to Vcc; 
Note 1 


Industrial and Extended Temperature 


Notes: (1) Active current increases 3 mA per MHz for Commercial part or 5 mA per MHz for industrial or 
Extended Temperature parts up to operating frequency. 
(2) Vcc must be applied simultaneously or before Vep, and removed simultaneously or after VPP. 
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AC Testing Waveform: VIH = 3.0V and Vit = 0.0V; VOH=VoOL=1.5V 
READ OPERATION Output Load: 1 TTL Load + 30 pF 
AC Characteristics Input Rise and Fall Times: 5ns 
Ambient Temperature: Commercial: Tamb= 0O°Cto 70°C 
Industrial: Tamb = -40°C to 85°C 
Extended (Automotive): Tamb = -40°C to 125°C 


Parameter 


Impedance 


Output Hold from _ 
Address CE or OE, which- 
ever goes first 





* Parts: S = Standard Power; L = Low Power 


READ WAVEFORMS 


Address Address valid 


tOFF(1,3) 
tOH 


‘ Valid Output yy) oe 


Notes: (1) torr is specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tce - toe after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 





ee a ee ee a ee 
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PROGRAMMING | Ambient Temperature: Tamb = 25°C +5°C 
DC Characteristics Vcc = 6.5V + 0.25V, VpP = 13.0V + 0.25V 


Input Voltages Logic “1" 
Logic “O" 


VIN = OV to Vcc | 


Logic "1° . lOoH=-4mA 
Logic “O" F loL.= 16 mA 





Note: (1) Vcc must be applied simultaneously or before Vpp and removed simultaneously or after V pp. 


PROGRAMMING AC Testing Waveform: ViH = 2.4V and Vit = 0.45V; VoH=2.0V; VoL =0.8V 
AC Characteristics Ambient Temperature: Tamb = 25°C +5°C 

for Program, Program Verify Vcc = 6.5V + 0.25V, Vpp= 13.0V + 0.25V 

and Program Inhibit Modes 


Parameter 


Notes: (1) For express algorithm, initial programming width tolerance is 100 ws +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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PROGRAMMING WAVEFORMS 


Program 


Address C Address Stable 


tas 


High Z meinen 
(| Data Stable b Data Out Valid > 


{DF 
(1) 
13.0V(2) 


5.0V 
6.5V(2) 
5.0V 
_ VIH 
VIL 
ViH tOE 


(1) 
Vit : 


Notes: (1) tDF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc =6.5V +0.25V, VPP = VH = 13.0V +0.25V for express algorithm 








FUNCTIONAL DESCRIPTION Operation Mode| CE OE | 
The 27HC256 has the following functional modes: Read ae aa 
ea 
—Operation: The 27HC256 can be activated for data Program DIN 
read, be put in standby mode to lower its power Program Verify 
consumption, or have the outputs disabled. Program Inhibit , High Z 
High Z 
—Programming: To receive its permanent data, the High Z 
27HC256 must be programmed. Both a program and Identity Code 
program/verify procedure are available. It can be 
programmed with the “Express” algorithm. X = Don't Care 
The programming equipment can automatically recog- Operation 
nize the device type and manufacturer using the identity 
mode. ° Read 
¢ Standby 
¢ Output Disable 


For the general characteristics in these operation modes, 
refer to the table above. 
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Read Mode 


For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris- 
tics. 


The 27HC256’s memory data is accessed when 


—— the chip is enabled by setting the CE pin low. 
— the data is gated to the output pins by setting the 
OE pin low. 


For Read operations on the Low Power version, once 
the addresses are stable, the address access time 
(tacc) is equal to the delay from CE to output (tce). A 
faster CE access time (tCE) is available on the standard 
part to provide the additional time for decoding the CE 
signal. Data is transferred to the output after a delay 
(toe) from the falling edge of OE. 


Standby Mode 


The standby mode is entered when the CE pin is high, 
and a program mode is not defined. When these 
conditions are met, the supply current will drop from 55 
mA to 100A on the low power part, and to 35 mA on the 
standard part. 


Output Disable 


This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 


Programming Algorithms 


The Express algorithm has been developed to improve 
programming throughput times in a production environ- 
ment. Up to 10 pulses of 100 psec each are applied until 
the byte is verified. No over-programming is required. A 
flowchart of this algorithm is shown in Figure 1. 


The programming mode is entered when: 


a) Vcc is brought to the proper level 

b) VpP_is brought to the proper VH level 
c) the OE pin is high 
d) the CE pinislow . 


Since the erased state is "1" in the array, programming 
of "0" is required. The address of the memory location 
to be programmed is set via pins AO - A14, and the data 
is presented to pins OO - O7. When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 


Verify 


After the array has been programmed, it must be verified 
to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the 
following conditions are met: 


a) Vcc is at the proper level 
b) VpP_is at the proper VH level 
c) the CE pin is high 

.d) the OE line is low 


Inhibit Mo 


When Programming_multiple devices in parallel with 
different data only CE needs to be under separate 
control to each device. By pulsing the CE line low ona 
particular device, that device will be programmed, and 
all other devices with CE held high will not be pro- 
grammed with the data although address and data are 
available on their input pins. 


identity Mode 


In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered when pin A9 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL. AO is used to access any of the two non- 
erasable bytes whose data appears on O0 - 07. 





Erasure 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all “1”s state 
when exposed to ultraviolet light at wavelengths < 4000 
Angstroms (A). The recommended procedure is to 
expose the erasure window of device to a commercial 
UV source emitting at 2537 A with an intensity of 
12,000u.W/cm? at 1". The erasure time at that distance 
is about 15 to 20 min. 


Note: Fluorescent lights and sunlight emit rays at the 
specified wavelengths. The erasure time is about 3 
years or 1 week resp. in these cases. To prevent loss of 
data, an opaque label should be placed over the erasure 
window. 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 
Tamb = 25+/-5C 
Vcc = 6.5+/-0.25V 
VpP = 13.0+/-0.25V 
ADDR = First Location 
Vcc = 6.5V 
VpP = 13.0V 


Program one 100 pus pulse 
Increment X 


Verify Pass 
Byte 


Device 
Failed 


Address? 


Increment Address 
Vcc = Vpp = 4.5V, 5.5V 


All 


Device \ Yes / bytes \ No/Device 
Passed = original Failed 


data? 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing, or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. | 


PART NUMBERS 
27HC256L -55 1/SO 


| Cerdip DIP 
Ceramic Leadless Chip Carrier 
| PLCC 
- Plastic DIP 
Plastic SOIC 
Very Small Outline Package (VSOP) 8x13.4mm 
Temperature 0°C to +70°C 
Range: -40°C to +85°C 
-40°C to + 125°C 


Access Time: 55 ns 
70 ns 
90 ns (SOIC only) 


Power Type: : Standard Power 
Low Power 


Device: 27HC256 —-. 256K (32K x 8) High Speed EPROM 
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256K (32K x 8) Low Voltage CMOS EPROM 








FEATURES PIN CONFIGURATIONS 


Wide voltage range 3.0V to 5.5V 

High speed performance 

— 200 ns access time available at 3.0V 

¢ CMOS Technology for low power consumption 
— 8 mA Active current at 3.0V 

— 20 mA Active current at 5.5V 

— 100 pA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed "Express" programming algorithm 
Organized 32K x 8: JEDEC standard pinouts 
— 28-pin Dual-in-line package 

— 32-pin PLCC package 

— 28-pin SOIC package 

— 28-pin VSOP package 

— Tape and reel 

Available for extended temperature ranges: 
— Commercial: 0°C to 70°C 

— Industrial: -40°C to 85°C 


DESCRIPTION 


The Microchip Technology Inc. 27LV256 is a low voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. The device is organized as a 32K x 8 (32K- 
Byte) non-volatile memory product. The 27LV256 con- 
sumes only 8 mA maximum of active current during a 3.0 
volt read operation therefore improving battery perfor- 
mance. This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMS 
can not be used. Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 3.0V. 
This device allows systems designers the ability to use 
low voltage non-volatile memory with todays’ low volt- 
age microprocessors and peripherals in battery pow- 
ered applications. | 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 


Function | Maximum Ratings* 

Address Inputs Vcc and input voltages w.r.t. VSS.......... -0.6V to +7.25V 
Chip Enable ' : VpP voltage w.r.t. Vss during 

Output Enable | PFOGTAMMING ......cccsccssccsesesecesesesecseees -0.6V to +14.0V 
Programming Voltage Voltage on AQ w.r.t. VSS... ate -0.6V to +13.5V 
Data Output Output voltage W.r.t. VSS... -0.6V to Vcc + 1.0V 
+5V or +3V Power Supply Storage temperature ................cssseceeee -65°C to 150°C 


Ground 
~ No Connection; 


bes niet VemMmedion *Notice: Stresses above those listed under “Maximum Ratings” 
Not Used; No External may cause permanent damage to the device. This is a stress 
Connection is Allowed rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Ambient temp. with power applied ....... -65°C to 125°C 





READ OPERATION Vcc = +5V +10% or 3.0V where indicated 
DC Characteristics Commercial: Tamb= 0°C to 70°C 


Industrial: Tamb= -40°C to 85°C 

rome oe| see [om on [om [ot[ een 
ogic “O" Vit 0.8 

10 


ee uA | ViN=Oto Vcc 
Output Voltages Logic “1° VOH 
Logic “O" VOL 


lOH = -400 pA 
0.45 loL=2.1mMA 


V 
V 
V 
V 
VouT = OV to Vcc 
Vin = OV; Tamb = 25°C; 
f= 1 MHz 


Vout = OV;Tamb= 25°C; 
f= 1 MHz 


20 @ 5.0V | mA | Vcc=5.5V; VpP = VCC; 
8 @ 3.0V mA = 1 MHz; 
25 @5.0V| mA | OE =CE=VIL; 
lout = 0 mA; 
Vi = -0.1 to 0.8V; 
VIH = 2.0 to VCC; 


Note 1 


Output Capacitance 


CIN 
Power Suppy Current, i lcci 
Active 
1 cc2 


Power Supply Current, TTL input | cc(s) 
Standby _ TTL input 
? CMOS input 


1 @ 3.0V 
2@3.0V | mA | __ 
100 @ 3.0V; pA | CE=Vcc+0.2V 


* Parts: C = Commercial Temperature Range 
| = Industrial Temperature Range 
Notes: (1) Active current increases 5 mA per MHz up to operating frequency for all temperature ranges. 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and Vit = 0.45V; VoH= 2.0V VoL =0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 10ns 
Ambient Temperature: Commercial: Tamb= 0°C to 70°C 
Industrial: | Tamb= -40°C to 85°C 


Parameter 


Impedance 


Output Hold from __ 
Address CE or OE, 
whichever goes first 





READ WAVEFORMS 


Address Address Valid 


tOFF(1,3) 
tOH 


Outputs / \A\AK. High Z 


tAcc 


Notes: (1) torF is specified for OE or CE, whichever occurs first __ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 





Se SE CE SS SS A SIE 
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PROGRAMMING Ambient Temperature: Tamb = 25°C +5°C 
DC Characteristics Vcc = 6.5V + 0.25V, Vpp= 13.0V + 0.25V 


Parameter 


Input Voltages ~ Logic "1" 
Logic "0" 


Logic "1" 
Logic "0" 





Note: (1) Vcc must be applied simultaneously or before Ver and removed simultaneously or after VPP 


PROGRAMMING AC Testing Waveform: ViH = 2.4V and Vit = 0.45V; VoH=2.0V; Vow =0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: Tamb = 25°C +5°C 

and Program Inhibit Modes Vcc = 6.5V + 0.25V, VpP = 13.0V + 0.25V 


Parameter 

_ Address Set-Up Time 
Data Set-Up Time 
Data Hold Time 
Address Hold Time 
Float Delay (2) 


Vcc Set-Up Time 


Program Pulse Width (1) 


CE Set-Up Time 
OE Set-Up Time 


Vpp Set-Up Time 


Data Valid from OE 


Notes: (1) For express algorithm, initial programming width tolerance is 100 us +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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PROGRAMMING WAVEFORMS 


Program 


\ 
Address ( Address Stable I 
Bs y, 


US tAH 


) 
4 Data Stable » Data Out Valid |) 


13.0V(2) 


5.0V 


ViL 


6.5V(2) 
5.0V tvcs 
VIH 
N V4 
tPw 


VIH 


ViL 


Notes: (1) tOF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc =6.5V +0.25V, V pp = VH = 13.0V +0.25V for express algorithm 





MODES Read Mode 


Operation Mode CE|OE| ver | ao | O00 - O7 


(See Timing Diagrams and AC Characteristics) 






Read Mode is accessed when 
a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 
pins. 


Exxxxxx| 


For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 
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Standby Mod 


The standby mode is defined when the CE pin is high 
(ViIH) and a program mode is not defined. 


Output Enable 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


° The OE pin is high and program mode is not defined. 


Programming Mode 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No over-programming 
is required. A flowchart of the express algorithm is 
shown in Figure 1. 


Programming takes place when: 


a) Vcc is brought to proper voltage, 
b) VpPis brought to proper VH level, 
c) The OE pin is high and 

d) the CE pin is low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO-A14 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable, a low-going pulse on the CE line programs that 
location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions _ 
are met: 


a) Vcc is at the proper level, 

b) Vep is _at the proper VH level, 
c) The CE pin is high and 

d) the OE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low ona particular 
device, that device will be programmed; all other devices 
with CE held high will not be programmed with the data, 
although address and data will be available on their input 
pins. 


identity Mode 


In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc. and 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
_ at Vit. AO is used to access any of the two non-erasable 
bytes whose data appears on O0 through O7. 








ian ufacaner| VIL 
Device Type*} VIH 


* Code subject to change. 





ea ea ARS Ss SP TS 7 EAR SE tp at RELA AA 


DS11020D-6 


© 1994 Microchip Technology Inc. 


27LV256 





FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 

Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
VppP = 13.0 +0.25V 


ADDR = First Location 
Vcc = 6.5V 
VpP = 13.0V 










Program one 100 us pulse 
Increment X 


Verify 
Byte 





Pass 





Increment Address 
Vcc = VpP = 4.5V, 5.5V 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
27LV256 - 25 I/P 


Package: L Plastic Leaded Chip Carrier 
P Plastic DIP 
SO __—s—wPPlastic SOIC 
VS Very Small Outline Package (VSOP) 8x13.4mm 


Temperature - 0°C to 70°C 
‘Range: I -40°C to 85°C 


Access Time: 20 200 ns 
25 250 ns 


30 300 ns 


27LV256 256K (32K x 8) Low Voltage CMOS EPROM 
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MICROCHIP 


27HC1616 


256K (16K x 16) High Speed CMOS EPROM 





FEATURES 


16 bit configuration 

High speed performance 

—55 ns access time available 

¢ CMOS Technology for low power consumption 
—90 mA Active current 

—50 mA Standby current 

WordWide architecture offers space saving over 
Bytewide memories 

Organized 16K x 16: JEDEC standard pinouts 
—40-Pin ceramic dual in line package 
—44-Pin ceramic leadless chip carrier 
Temperature range available: 

—Commercial: 0°C to +70°C 

—Industrial: -40°C to +85°C 


PIN CONFIGURATION 


Top View 


SSsssVVzeIV@Ve 


LCC 





DESCRIPTION 


The Microchip Technology Inc. 27HC1616 is a CMOS 
16K x 16 (256K) Programmable Read Only Memory. 
The device operates at Bipolar PROM speeds but uses 
far less current than any Bipolar PROM. The 27HC1616 
is an excellent choice for any application requiring 
blazing speeds and low power consumption. The word 
wide (16 bit) architecture can replace two 8 bit EPROMS 
in any 16 bit application saving valuable printed circuit 
space and components costs. Typical applications for 
the 27HC 1616 include automotive systems control, high 
speed modems, digital signal processing, or any appli- 
cation that uses the 80386, 68030, 29000, etc. high 
performance microprocessors. 


BLOCK DIAGRAM 


Chip Enable/ 
Output Enable 
Control Logic 


Programming 


> 


256K bit 
Cell Matrix 


Address Buffers 


> 
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27HC1616 


PIN FUNCTION TABLE 


Address Inputs 





ELECTRICAL CHARACTERISTICS 
Maximum Ratings” 











Vcc and input voltages w.r.t. VSS........ -0.6V to +7.25V 
VpP voltage w.r.t. VSs during 


aie Foe DFOGFAMIMING ........escseceeccsceceecesseeeeeeee -0.6V to +14.0V 
sale pee Voltage on AQ W.F.t. VSS... ecssesseeeeees -0.6V to +13.5V 
Programming Voltage Output voitage w.r.t. Vss daasasictitedinte -0.6V to Vcc +1 OV 
Data Output Temperature under bias ...................000 -65°C to 125°C 
+5V Power Supply Storage temperature ...........cecsecceerseees -65°C to 150°C 
Ground ESD protection on all pins 0.0.0... eeeeeereeeeeeeenes 2KV 


No Connection; No 


Internal Connection “Notice: Stresses above those listed under “Maximum Ratings” 


may Cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ OPERATION Vec = +5V +10% 
DC Characteristics Commercial: Tamb= 0°C to 70°C 


Industrial: § Tamb= -40°C to 85°C 
[Parameter ___| Part | _Status [Symbol] _Min_| Max__ 

Input Voltages Logic *1" 
Logic “O" VIL -0.1 


Input Leakage 
Logic "1" 


Output Voltages 
Logic “O" 
Output Leakage 


Input Capacitance 


Output Capacitance 


VouT = OV:Tamb= 25°C; 
f= 1 MHz 


TTL input Vcc = 5.5V; VeP = Vcc 
f = 2 MHz; 
OE = CE = VIL; 
lout = 0 mA; 
Vit = -0.1 to 0.8V; 
VIH = 2.0 to VCC; 
Note 1 


Power Supply Current, 
Active 


Power Supply Current, 
Standb 


ipP Read Current 
Vpp Read Voltage 


2 


Notes: (1) Active current increases 2 mA per MHz up to operating frequency. 
(2) Vcc must be applied simultaneously or before Vep and be removed simultaneously or after V pp. 
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READ OPERATION AC Testing Waveform: —_ VIH = 3.0V and Vit = 0.0V; VoH= VOL = 1.5V 
AC Characteristics Output Load: 1 TTL Load + 30 pF 
Input Rise and Fall Times: 5 ns 
Ambient Temperature: Commercial: Tamb= 0°C to 70°C 
Industrial: © Tamb= -40°C to 85°C 


CE = OE=ViL 


Output Hold from_ 
Address CE or OE, which- 
ever occurs first 


READ WAVEFORMS 


tOFF(1,3) 


Address < Address valid = 
tOH 
VOH . 
oe LLL Valid Output NINN ign 4 
00-015 Voy A NV[LV 
tACC 
Notes: (1) torr is specified for OE or CE, whichever occurs first 


(2) OE may be delayed up to tce - toE after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 
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- PROGRAMMING Ambient Temperature: 25°C +5°C 
DC Characteristics For Vpp and Vcc Voltages refer to Programming Algorithm 


Parameter 


Input Voltages Logic “1" 
Logic "0" 


Logic "1" 
Logic "0" 





Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after V PP 


PROGRAMMING AC Testing Waveform: ViH = 2.4V; Vit = 0.45V; VoH = 2.0V and VoL = 0.8V 
AC Characteristics Ambient Temperature: 25°C +5°C 

for Program, Program Verify For Vpp and Vcc Voltages, refer to Programming Algorithm 

and Program Inhibit Modes 


Parameter 


Notes: (1) For express algorithm, initial programming width tolerance is 100 ps +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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PROGRAMMING 
Waveforms 


Program 


Address Address Stable b 
ri 
Data Out Valid [J 
a tOF 
(1) 
13.0V(2) 
5.0V 
6.5V(2) 
5.0V 
VIH 
VIL 
VIH 
VIL 
VIH 


OE ° (1) 
Vit 


— ——_— 





Notes: (1) toF and toe are characteristics of the device but must be accomodated by the programmer 
(2) Vcc = 6.5V +0.25V, Vpp = VH = 13.0V +0.25V for express algorithm 





FUNCTIONAL DESCRIPTION 


The 27HC1616 has the following functional modes: 
—Operation: The 27HC1616 can be activated for data 


Operation Mode] CE | OE | FGM | ver [9] 00-015 


read, be put in standby mode to lower its power Dout 

consumption, or have the outputs disabled. a. 
—Programming: To receive its permanent data, the ibi High 2 

27HC1616 must be programmed. Both a program High 2 


High Z 


and program/verify procedure is available. The Ex- Identity Code 


press programming algorithm is recommended. 


The programming equipment can automatically recog- 
nize the device type and manufacturer using the identity 
mode. . 





X = Don't Care 
VH = 12.0 +0.5V 


For the general characteristics in these operation and 
programming modes, refer to the table. 
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OPERATION 
Read Mode 


For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris- 
tics. 


The 27HC1616’s memory data is accessed when 


—the chip is enabled by setting the CE pinlow. = 
—the data is gated to the output pins by setting the OE 
pin low. 


Standby Mode 


The standby mode is entered when the CE pin is high, 
and the program mode is not defined. When these 
conditions are met, the supply current will drop from 90 mA 
to 50 mA. 


Output Disable 


This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 


Programming/Verification 


The 27HC1616 has to be programmed, and afterward 
the programmed information verified. Before these 
operations, the Identity Code can be read to properly set 
up automated equipment. Multiple devices in parallel 
can be programmed using the programming and inhibit 
modes. 


Programming Algorithm 


The "Express" algorithm has been developed to improve 
programming through-put times in a production environ- 
ment. Up to 10 pulses of 100 1s each are applied until 
the byte is verified. No overprogramming is required. A 
flowchart of this algorithm is shown in Figure 2. 


The programming mode is entered when: 


a) Vcc is brought to the proper level 

b) VpP is brought to the proper VH level 
c) the OE pin is high 

d) the CE pin is low, and 

e) the PGM pin is pulsed low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address of the memory location 
to be programmed is set via pins AO - A13, and the data 
is presented to pins OO - 015. When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 


Verify 


After the array has been programmed, it must be verified _ 
to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the 
following conditions are met: 


a) Vcc is at the proper level 

b) Vpp is at the proper VH level 
c) the OE line is low 

d) the CE pin is low, and 

e) the PGM line is high. 


Inhibit Mode 


When Programming multiple devices in parallel with 
different data only PGM needs to be under separate 
control to each device. By pulsing the PGM line low on 
a particular device, that device will be programmed, and 
all other devices with corresponding PGM or CE held 
high will not be programmed with the data although 
address and data are available on their input pins. 


Identity Mode 


In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered when pin A9 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL. AO is used to access any of the two non- 
erasable bytes whose data appears on O0 - O7. 






Pin—— | —_ | Output 


lidanuactorer ~ Vit 29 
Device Type*| VIH ; ; 97 


*Code subject to change. 
Note: 015 - O8 are 00 for the manufacturer and 
device type code. 





Erasure 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all “1”s state 
as a result of being exposed to ultra-violet light at 
wavelengths < < 4000 Angstroms (A). The recommended 
procedure is to expose the erasure window of device to 
a commercial UV source emitting at 2537A with an 
intensity of 12,000uW/cm? at 1". The erasure time at that 
distance is about 15 to 20 minutes. 


Note: Fluorescent lights and sunlight emit rays at the 
specified wavelengths. The erasure time is about 
3 years or 1 week resp. in these cases. To 
prevent loss of data, an opaque label should be 
placed over the erasure window. 


tt Ee SA EV RPE ASS A CA OS 7 SPP Ss SE Tt SST A SE APT 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 
Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 


VPP = 13.0 +0.25V ADDR = First Location 


Vcc = 6.5V 





Vpp = 13.0V 


Program one 100 pus pulse 
Increment X 


Verify Pass 
Byte 


Fail 


No Yes / Device 
Failed 
Last Yes 
Address? 
No 


increment Address 
Vcc = Vpp = 4.5V, 5.5V 


Device Yes No Device 
Passed Failed 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. : 


PART NUMBERS 
-- 27HC1616 -55 1/P 


| Package: Cerdip DIP 


Ceramic Leadiess Chip Carrier 


Temperature 0°C to 70°C 
| Range: -40°C to 85°C 


Access Time: 55 55ns 
70 7Ons 


| Device: 27HC1616 
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MICROCHIP 


27C512 





512K (64K x 8) CMOS EPROM 





FEATURES 


High speed performance 

—90 ns access time available 

CMOS Technology for low power consumption 
—35 mA Active current 

—100 pA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID aids automated programming 

High speed express programming algorithm 
Organized 64K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—28-pin TSOP package 

—Tape and reel 


Available for the following temperature ranges: 


—Commercial: 0°C to 70°C 
—Industrial: -40°C to 85°C 
—Automotive: -40°C to 125°C 


PIN CONFIGURATIONS 
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PLCC/LCC 


DESCRIPTION 


The Microchip Technology Inc. 27C512 is a CMOS 
512K bit (electrically) Programmable Read Only Memory. 
The device is organized into 64K words by 8 bits (64K 
bytes). Accessing individual bytes from an address 
transition or from power-up (chip enable pin going low) 
is accomplished inlessthan90ns. This very high speed 
device allows the most sophisticated microprocessors 
to run at full speed without the need for WAIT states. 
CMOS design and processing enables this part to be 
used in systems where reduced power consumption and 
high reliability are requirements. 


A complete family of packages is offered to provide the 
most flexability in applications. For surface mount 
applications, PLCC or SOIC packaging is available. 
Tape or reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail- 
able. : 


Top View 


DIP/SOIC 
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PIN FUNCTION TABLE 


Address Inputs 

Chip Enable 

Output Enable/ 
Programming Voltage 
Data Output 

+5V Power Supply 
Ground 

No Connection; No Internal 
Connection 

Not Used; No External 
Connection Is Allowed 



















READ OPERATION 
DC Characteristics 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Vcc and input voltages w.r.t. Vss..........-0.6V to +7.25V 
VPP voltage w.r.t. Vss during 


PFOGTAMIMING .......ccccccccecssccsscssscssseeees -0.6V to +14.0V 
Voltage on AQ W.r.t. VSS... eseseccsscseeesees -0.6V to +13.5V 
Output voltage w.r.t. VSS... -0.6V to Vcc + 1.0V 
Storage temperature ................sssesseeees -65°C to 150°C 


Ambient temp. with power applied ....... -65°C to 125°C 


*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Voc = +5V +10% 

Commercial: Tamb= 0O°C to 70°C 
Industrial: Tamb = -40°C to 85°C 
Extended (Automotive): _Tamb = -40°C to 125°C 


[Parameter ____[Par*| Status _| Symbol | [Conditions 


Input Voltages pat Logic "1" 
Logic “O" 
Input Leakage 


Output Voltages Logic "1" 
Logic "O" 


Power Supply Current, 
Active 


VIN = 0 to Vcc 


1OH = -400 LA 
loL=2.1mA 


A | Vout = OV to Vcc 


pF | ViIN=OV; Tamb = 25°C; 
f= 1 MHz 

12 VouT = O0V;Tamb= 25°C; 
f= 1 MHz 


f=1MHz;_ 
OE/V pp= CE = VIL; 
lout = 0 mA; 

Vit. = -0.1 to 0.8V; 
ViH = 2.0 to VCC; 


ICC(S)TTL 
ICC(S)TTL 
ICc(S)CMOS 


* Parts: C = Commercial Temperature Range; |, E = Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and VIL = .45V; VOH= 2.0V and VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 10nsec 
Ambient Temperature: Commercial: Tamb= O°Cto 70°C 
Industrial: Tamb = -40°C to 85°C 


Extended (Automotive): Tamb = -40°C to 125°C 













Address to Output | tacc ns | CE =OE/Vpp = VIL 
Delay 

ceo cups tay || — | «9 |—[ wo | — fio] — [io] — [ool w [seve 

cE owen] we| —||—[@|—|#|—[@|— |r| w fen 

OE to Output High 35 40 45 

Impedance 

Output Hold from ns 

Address, CE or 

OE/V pp, whichever 

occured first 


*-90 AC Testing Waveform: VIH = 2.4V and VL = .45V; VoH = 1.5V and VoL = 1.5V 
Output Load: 1 TTL Load + 30 pF 


READ WAVEFORMS 


Address & Address Valid . 


tOFF(1,3) 


tOH 
High Z ACCC{{{| valid ouput YSN) High Z 
AAA NLL 


tacc 


Notes: (1) toFF is specified for OE/Ver or CE, whichever occurs first 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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27C512 


PROGRAMMING Ambient Temperature: 25°C +5°C | 
DC Characteristics | Vcc = 6.5V + 0.25V, OE/V pp = VH = 13.0V + 0.25V 


Parameter 


Input Voltages © | Logic "1" 


input Leakage 


Output Voltages Logic "1" 
Logic “O" 
Vcc Current, program & verify 


OE/V pp Current, program 
AQ Product Identification 


Note: (1) Vcc must be applied simultaneously or before the Vpp voltage on OE/Vpp and removed simultaneously 
or after the VPP voltage on OE/VPpp. 


Logic "O" 


PROGRAMMING AC Testing Waveform: Vin = 2.4V and ViL = 0.45V; VOH=2.0V; VoL =0.8V 
AC Characteristics Ambient Temperature:_ 25°C +5°C | 

for Program, Program Verify Vcc = 6.5V + 0.25V, OE/V pp = VH = 13.0V + 0.25V 

and Program Inhibit Modes 7 


Parameter 

Address Set-Up Time | 
Data Set-Up Time | 
Data Hold Time 

Address Hold Time © 
Float Delay (2) 

Vcc Set-Up Time | 
Program Pulse Width (1) 


CE Set-Up Time 


OE Set-Up Time 
OE Hold Time 
OE Recovery Time 


OE/VpP Rise Time During Programming 


Notes: (1) For express algorithm, initial programming width tolerance is 100 ps + 5%.3 is 100 ws +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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PROGRAMMING 
Waveforms (1) 


Program ———___- 


VIH 

Address 4 Address Stable 
Vit 
ViH 


tOEH 


ton 
13.0 V (3) 


6.5 V (3) 
{CE 
5.0V tvcs 
N V 
‘OE/V pp tOPW 
VIL 


Notes: (1) The input timing reference level is 0.8V for Vit and 2.0V for VIH. 
(2) tDF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc =6.5V +0.25V, VPP = VH = 13.0V +0.5V for express programming algorithm. 





MODES Read Mode 


Operation Mode | CE (See Timing Diagrams and AC Characteristics) 


Read 
Program 


Read Mode is accessed when 


Program Verify 
Program Inhibit 
Standby 
Output Disable 
Identity 


a) the CE pin is low to power up (enable) the chip 


b) the OE/VPP pin is low to gate the data to the 
output pins. 


sR mK RK KK XK 


Identity Code 





X = Don't Care 
For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay (toE) from the falling edge of OE/Vpp. 
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Standby Mode 


The standby mode is defined when the CE pin is high 
and a program mode is not identified. 


When this condition is met, the supply current will drop 
from 35 mA to 100 LA. 


Output Enable OE/Vpp 


This multifunction pin eliminates bus connection in mul- 
tiple bus microprcessor systems and the outputs go to 
high impedance when: 


¢ the OE/Vpp pin is high (Vik). 


When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 


Erase Mode (UV Windowed Versions) 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all “1's” state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000.W/cm? for approximately 20 minutes. 


Programming Mode 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. A flowchart of the 
Express algorithm is shown in Figure 1. 


Programming takes place when: 
a) Vcc is brought to the proper voltage, 


b) OE/Vpp is brought to the proper VH level, and 
c) CE line is low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO - A15 and the data to be programmed is 
presented to pins OO -O7. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) the OE/VpP pin is low, and 
c) the CE line is low. 


inhibit 


When programming multiple devices in parallel with | 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low ona 
particular device, that device will be programmed; all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail- 
able on their input pins). 


identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc and the 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE/Vpr lines must 
be at Vit. AO is used to access any of the two non- 
erasable bytes whose data appears on OO through O7. 





* Code subject to change. 


ec nd mmredemmtennetemeiemedioeideminoeeanaeennmnmmteemenanemnanmentiaenieetemenemmebademenenemeneememmememmemeemenanmtmmmamtenmateemeneeeeaedneeataneenemendammeememmenteidetmmtmennsamreneiemntemenmmmnetntnenetaieetsemamrcannendmememmenammmmenieeeeemeeetamomnnieaemeianmmpemnianemeenesmamnmiemsenaeeeae tmeieemmmeemenneeR tee Ee eteteteEe Eee 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 
Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
Vpp = 13.0 +0.25V ADDR = First Location 
Vcc = 6.5V 
VPP = 13.0V 










Program one 100 us pulse 
Increment X 


Verify 
Byte 


Pass 





Device 
Failed 





Last Yes 
Address? 


Increment Address 
Vcc = Vpp = 4.5V, 5.5V 


All 














Device \ YS“ bytes \ No “Device 
Passed = original Failed 


data? 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
27C512 -90 I/P 


Package: Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x20mm 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 
-40°C to 125°C 


Access Time: 90 ns 
100 ns 
120 ns 
150 ns 
200 ns 


Device: 27C512 512K (64K x 8) CMOS EPROM 
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MICROCHIP 27C5 1 2A 


512K (64K x 8) CMOS EPROM 








FEATURES PIN CONFIGURATIONS 


High speed performance 

— 70 ns access time available 

CMOS Technology for low power consumption 
—25 mA Active current 

—30 yA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID aids automated programming 

High speed express programming algorithm 
Organized 64K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—28-pin TSOP package 

—28-pin VSOP package 

—Tape and reel 

Available for the following temperature ranges: 
—Commercial: 0°C to 70°C 

—Industrial: -40°C to 85°C 

—Automotive: -40°C to 125°C 


DESCRIPTION 


The Microchip Technology Inc. 27C512A is a CMOS 
512K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 64K words by 8 
bits (64K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 70ns_ This very 
high speed device allows the most sophisticated micro- 
processors to run at full speed without the need for WAIT 
states. CMOS design and processing enables this part 
to be used in systems where reduced power consump- 
tion and high reliability are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape or 
reel packaging is also available for PLCC or SOIC 
packages. UV erasable versions are also available. 
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ELECTRICAL CHARACTERISTICS 


Vcc and input voltages w.r.t. VSS vee -0.6V to +7.25V__ 





Address Inputs VpP voltage w.r.t. Vss during 

Suna Encuie PFOGFAMMING ...........ssesscccceccessececnnerees -0.6V to +14.0V 
Programming Voltage Voltage On AQ W.r.t. VSS ......cesscsssscssseeseees -0.6V to +13.5V 
Data Output Output voltage w.r.t. VSS.............0 -0.6V to Vcc + 1.0V 
+5V Power Supply Storage temperature ..........ccccsesesseeen -65°C to 150°C 
Ground Ambient temp. with power applied ....... -65°C to 125°C 


No Connection; No Internal 
Connection 

Not Used; No External 
Connection Is Allowed 


*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 













READ OPERATION Voc = +5V +10% ; 
DC Characteristics Commercial: Tamb= 0°C to 70°C 


Industrial: Tamb= -40°C to 85°C 








Extended (Automotive): Tamb= -40°C to 125°C 


| Max [units| Conditions | 
pretty pe 
0.8 V 
V | lol=2.1mA 
























Input Voltages 





pat ae : . 
Logic “O" ViL 
Output Voltages all Logic "1" VOH 





Input Leakage 






Logic "0" VOL 





Output Leakage 






input Capacitance 






VIN = OV: Tamb = 25°C; 
f= 1 MHz 


Vout = OV; Tamb = 25°C; 
f= 1 MHz 





Output Capacitance 



























Power Supply Current, TTL input 25 mA 

Active I, TTL input 35 mA | f=1MHz; _ 
OE/Vpp =CE=VIL; 
lout = 0 mA; 
ViL = -0.1 to 0.8V; 
VIH = 2.0 to Vcc; 








523 
9} 
m 
ll 
< 
QO 
Q 
is 
ye 


Power Supply Current, C TTLinput | ICc(s)TTL 
Standby IE | TTLinput | Icc(stte 
all | CMOS input | icc(s)cmos 


* Parts: C = Commercial Temperature Range; |, E = Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 






|e A NS tn AEA CS A hn CSE i ATO A SSSA se AS AF SPAT ESM 
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AC Testing Waveform: ViH = 2.4V and Vit = .45V; VOH = 2.0V and Voi = 0.8V 
READ OPERATION Output Load: 1 TTL Load + 100 pF 
AC Characteristics Input Rise and Fall Times: 10ns 
Ambient Temperature: Commercial: Tamb= 0°C to 70°C 
Industrial: Tamb = -40°C to 85°C 
Extended (Automotive): | Tamb = -40°C to 125°C 


Parameter 


Address to Output | tACC 
Delay 
ice | — 


OE to Output High | tOFF 
impedance 


Output Hold from 
Address, CE or 
OE/Vpp, whichever 
occured first 


* -70/90/10 AC Testing Waveform: ViH = 3.0V and ViL = OV; VoH = 1.5V and VoL = 1.5V 
Output Load: 1 TTL Load + 30 pF 





READ WAVEFORMS 


Address < Address Valid i 
tOFF(1,3) 


tOH 


Outputs // IN WANA High Z 
00 - 07 V\\\h Valid Output VIN 


tACC 


Notes: (1) torF is specified for OE or CE, whichever occurs first — 
(2) OE may be delayed up to tcE - toE after the falling edge of CE without impact on tceE 
(3) This parameter is sampled and is not 100% tested. 





a Se PTE SSS ET AE TE EO EE ETE 
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PROGRAMMING _ Ambient Temperature: 25°C 45°C 
DC Characteristics Vcc = 6.5V + 0.25V, OE/V pp = VH = 13.0V + 0.25V 


Conditions (See Note 1) 


! Logic "1" 
7 Logic “O" 
finputteakage | (| WA 
Output Voltages Logic "1" lOH = -400 pA eh 


AQ Product Identification 


Note: (1) Vcc must be applied simultaneously or before the VPP voltage on OE/Vpp and removed simultaneously 
or after the VPP voltage on OE/Vpp. 


PROGRAMMING AC Testing Waveform: Vin = 2.4V and VIL = 0.45V; VOH=2.0V; VoL =0.8V 
AC Characteristics Ambient Temperature: 25°C +5°C 


Vcc = 6.5V + 0.25V, OE/V pp = VH = 13.0V + 0.25V 
for Program, Program Verify 


and Program Inhibit Modes 


Notes: (1) For express algorithm, initial programming width tolerance is 100 us + 5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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PROGRAMMING WAVEFORNS (1) 


Program 


VIH 


Address Stable 
Address VIL 


VIH 


Data VIL C Data In Stable >. (| 
a5 VG) ae 


Veo 5.0V aa 
VIH tpw (2) 
Pf be 
__ 13.0 V (3) 
OE/Vpp toPw 
VIL 


tPRT 
Notes: (1) The input timing reference level is 0.8V for ViL and 2.0V for ViH. 


(2) tDF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc =6.5V +0.25V, VPP = VH = 13.0V +0.5V for express programming algorithm. 





Read Mode 
(See Timing Diagrams and AC Characteristics) 


Read Read Mode is accessed when 


DIN 

High Z a) the CE pin is low to power up (enable) the chip 
High Z —_ 

High Z b) the OE/Vpr pin is low to gate the data to the 
Identity Code output pins. 


Program 
Program Verify 
Program Inhibit 
Standby 
Output Disable 
Identity 


< KK OK OK OK OX 





X = Don't Care 
For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay (toe) from the falling edge of OE/Vpp. 


aL So To TEC SSPE SS I ST ES SET SNES 
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tandby M 


The standby mode is defined when the CE pin is high 
and a program mode is not identified. 


When this condition is met, the supply current will drop 
from 25 mA to 30 pA. 


t Enabl 


This multifunction pin eliminates bus connection in mul- 
tiple bus microprocessor systems and the outputs go to 
high impedance when: 


e the OE/Vpp pin is high (Vit). 


When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 


Erase Mode (UV Windowed Versions) 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all “1's” state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000 mW/cm2 for approximately 40 minutes. 


Programming Mode 


The Express algorithm must be used for best results. It 
has been developed to improve programming yields and 
throughput times in a production environment. Up to 10 
100-microsecond pulses are applied until the byte is 
verified. A flowchart of the Express algorithm is shown 
in Figure 1. 


Programming takes place when: 
a) Vcc is brought to the proper voltage, 


b) OE/Vpp is brought to the proper VH level, and 
c) CE line is low. 


Since the erased state is “1” in the array, programming 
of “0” is required. The address to be programmed is set 
via pins AO - A15 and the data to be programmed is 
presented to pins OO -O7. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) the OE/VP pin is low, and 
c) the CE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low ona 
particular device, that device will be programmed; all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail- 
able on their input pins). 


Identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and the 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OE/Ver lines must 
be at Vit. AO is used to access any of the two non- 
erasable bytes whose data appears on OO through O7. 





* Code subject to change. 


at htc A ETF TIE A SS Se PS SS aA SS pS 7A OE SA SEA tA tt a A WY sO POSADA APETV 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 

Tamb = 25°C +5°C 

Vcc = 6.5 +0.25V 

Vpp = 13.0 +0.25V ADDR = First Location 
Vcc = 6.5V 
VpP = 13.0V 


Program one 100 us pulse 
Increment X 


Verify Pass 
Byte 





Address? 


Increment Address 
Vcc = VppP = 4.5V, 5.5V 


All 


Device \. Yes / bytes \ No /Device 
Passed = original Failed 


data? 





a Se See LE ER 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
27C512A -70 I/P 


Package: Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 
-40°C to 125°C 

imme: 76 76 fis 

90 90 ns 

10 100ns 

12 120 ns 

15 150 ns 


Device: 27C512A 512K (64K x 8) CMOS EPROM 
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312K (64K x 8) Low Voltage CMOS EPROM 





FEATURES PIN CONFIGURATIONS 


Wide voltage range 3.0V to 5.5V 
High speed performance 
— 200 ns access time available at 3.0V 
e CMOS Technology for low power consumption 
— 12 mA Active current at 3.0V 
— 35 mA Active current at 5.5V 
— 100 pA Standby current 
e Factory programming available 
Auto-insertion-compatible plastic packages 
e Auto ID™ aids automated programming 
Separate chip enable and output enable controls 
High speed "Express" programming algorithm 
Organized 64K x 8: JEDEC standard pinouts 
— 28-pin Dual-in-line package 
— 32-pin PLCC package 
— 28-pin SOIC package 
— 28-pin TSOP package 
— 28-pin VSOP package 
— Tape and reel 
Available for the following temperature ranges: 
— Commercial: 0°C to 70°C 
— Industrial: -40°C to 85°C 





DESCRIPTION 


The Microchip Technology Inc. 27LV512 is a low-volt- 
age (3.0 volt) CMOS EPROM designed for battery 
powered applications. The device is organized as a 64K 
x 8 (64K-Byte) non-volatile memory product. The 
27LV512 consumes only 12 mA maximum of active 
current during a 3.0 volt read operation therefore im- 
proving battery performance. This device is designed 
for very low-voltage applications where conventional 5.0 
volt only EPROMs can not be used. Accessing indi- 
vidual bytes from an address transition or from power-up 
(chip enable pin going low) is accomplished in less than 
200 ns at 3.0 volts. This device allows systems design- 
ers the ability to use low voltage non-volatile memory 
with today's low-voltage microprocessors and peripher- 
als in battery powered applications. 


Acomplete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 


Maximum Ratings* 


Vcc and input voltages w.r.t. Vss.......... -0.6V to +7.25V 
Address Inputs VpP voltage w.r.t. Vss during — 

Chip Enable PFOGFAMMING ........scessssesessecscessreceeeees -0.6V to +14.0V 
Output Enable/ | Voltage On AQ W.F.t. VSS wessccssscssssscceeesens -0.6V to +13.5V 
Programming Voltage Output voltage W.r.t. VSS. -0.6V to Vcc + 1.0V 
Data Output | Storage temperature .............:.sececseees -65°C to 150°C 


se Te ewer SUPP Ambient temp. with power applied ...... -65°C to 125°C 
bey eonnecton: oe “Notice: Stresses above those listed under “Maximum Ratings” 
Connection may Cause permanent damage to the device. This is a stress 
Not Used; No External rating only and functional operation of the device at those or any 
Connection Is Allowed other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 





READ OPERATION Vcc = 3.0V to 5.5V unless otherwise specified 
DC Characteristics Commercial: Tamb= 0'C to 70°C 
Industrial: Tamb = -40°C to 85°C 


Parameter 


Logic "1" 
Logic "0" 


Logic “1" V 
Logic "0" V 
Vout = OV to Vcc 


Vin = OV; Tamb = 25°C; 
f= 1 MHz 
VouT = OV; Tamb= 25° C; 
f = 1 MHz 
Power Supply Current, : 
Active : f=1MHz; 
mA | OE/Vpp=CE=VIL; 

lout = 0 mA; 
Vit = -0.1 to 0.8V; 
VIH = 2.0 to VCC; 
Note (1) 


Power Supply Current, TTL input | ICC(s)TTL 1@3.0V | mA 
Standby TTL input ICC(S)TTL 2@3.0V | mA | __ 
all | CMOS input | Icc(s)cmos 100 @3.0V; pA | CE=Vcc +0.2V 


* Parts: C = Commercial Temperature Range; | = Industrial Temperature Range | 
Note: (1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 





ES La TER 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and Vit = 0.45V; VOH = 2.0V VoL =0.8V 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb = 0°C to 70°C 
Industrial: = Tamb = -40°C to 85°C 


Parameter 


Impedance 


Output Hold from_ 
Address CE or OE, 
whichever goes first 





READ WAVEFORMS 


Address Address Valid 


tOFF(1,3) 
t 


OH 
Outputs“ High Z LLL vais oun SY) High Z 
00-07 Wh NTN 


tAcc 





Notes: (1) torF is specified for OE/VpP or CE, whichever occurs first __ 
(2) OE may be delayed up to tcE - toE after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 





i as a a ee er 
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PROGRAMMING Ambient Temperature: 25° C +5° C 
DC Characteristics Vcc = 6.5V + 0.25V, OE/V Pp = VH = 13.0V + 0.25V 


Logic "1" . 
Logic "0" ~ VoL 


OE/V pp Current, program 


AQ Product Identification — 


Note: (1) Vcc must be applied simultaneously or before the VpP voltage on OE/Vpp and removed simultaneously 
or after the VPP voltage on OE/VpP. 















PROGRAMMING AC Testing Waveform: Vin = 2.4V and Vit = 0.45V: VoH=2.0V; VoL =0.8V 
AC Characteristics Ambient Temperature: 25°C +5°C | 

for Program, Program Verify Vcc = 6.5V + 0.25V, OE/V pp = VH = 13.0V + 0.25V 

and Program Inhibit Modes 


Address Set-Up Time 








Remarks 





Data Set-Up Time 
Data Hold Time 


Address Hold Time 


ms le 


Float Delay (2) tDF 


Program Pulse Width (1) Stew | 95 | 
CE Set-Up Time 


OE Set-Up Time 


ST ae 






OE Recovery Time 


-—- 
v 
9) 
4 


OE/Vpp Rise Time During Programming 


Notes: (1) For Express algorithm, initial programming width tolerance is 100 us + 5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where 
data is no longer driven (see timing diagram). 
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READ WAVEFORMS 


Program 


Address Address Stable 


C Data In Stable g C| Data Out Valid 


ton 
13.0 V (3) 


6.5 V (3) 

tCce 
5.0V tvcs 

(2) 
VIH 

N Vy 
Vit -~ tOEH —-> 
tOPW 


VIL 


(1) The input timing reference level! is 0.8V for ViL and 2.0V for Vin. 
(2) tOF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.25V for express programming algorithm. 











MODES Read Mode 
Operation Mode (See Timing Diagrams and AC Characteristics) 
Read X Dout Read Mode is accessed when 
Program X DIN 
Pro Veri X DouT — .., ; 
Pal ral X High Z a) the CE pin is low to power up (enable) the chip 
Standby x eee 
ae Disable X b) the OE/Vrr pin is low to gate the data to the 
dentity VH Identity Code output pins. 
X = Don't Care 
For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay (toe) from the falling edge of OE/Vpp. 
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Standby Mode 


The standby mode is defined when the CE pin is high 
and a program mode is not identified. 


Qutput Enable OE/Vpp 


This multifunction pin eliminates bus contention in 
microprocessor based systems in which multiple de- 
vices may drive the bus. The outputs go into a high 
impedance state when: 


¢ the OE/Vpp pin is high (Vi). 


When a Vu input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 


Programming Mode 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. A flowchart of the 
Express algorithm is shown in Figure 1. 


Programming takes place when: 


a) Vcc is brought to the proper voltage, 
b) OE/VPr is brought to the proper VH level, and 
c) CE line is low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO - A15 and the data to be programmed is 
presented to pins OO -O7. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) the OE/VpP pin is low, and 
c) the CE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low ona 
particular device, that device will be programmed; all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail- 
able on their input pins). 


Identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc and the 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE/Vrr lines must 
be at Vit. AO is used to access any of the two non- 
erasable bytes whose data appears on OO through O7. 





Renutaeaor VL 29 
Device Type*| VIH OD 


* Code subject to change. 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 


Conditions: 
Tamb = 25°C +5°C (Start) 
Vcc = 6.5 +0.25V 


Vpp = 13.0 +0.25V ADDR = First Location 


Vcc = 6.5V 
Vpp = 13.0V 





X=0 
Program one 100 us pulse 
Increment X 


Verify Pass 
Byte 


Yes / Device 
Failed 
Last Yes 
Address? 


No 


Increment Address 
Vcc = Vpp = 4.5V, 5.5V 


Device \ Yes No /Device 
Passed Failed 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. a 


PART NUMBERS 


27LV512 -25 I/P 


Plastic Leaded Chip Carrier 

Plastic DIP 

Plastic SOIC 

Ceramic DIP 

Ceramic Leadless Chip Carrier | 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 


Access Time: 20 200 ns 
25 250 ns 
30 300 ns 


Device: 27LV512 512K (64K x 8) Low Voltage CMOS EPROM 
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MicROCHIP 3/ LV36/ 65/ 1 28 


36K/64K/128K Serial EPROM Family 








FEATURES DESCRIPTION 
¢ Operationally equivalent to Xilinx XC1700 family The Microchip Technology Inc. 37LV36/65/128 is a 
e Wide voltage range 3.0V to 6.0V family of Serial OTP EPROM devices organized inter- 
¢ Maximum read current 10 mA at 5.0 V nally in a x32 configuration. The family also features a 
¢ Standby current 100 1A typical cascadable option for increased memory storage where 
¢ Industry standard Synchronous Serial Interface / 1 needed. They are suitable for many applications in 
bit per rising edge of clock which look-up table information storage is desirable and 
e Full Static Operation provide full static operation in the 3.0V to 6.0V Vcc 
¢ Sequential Read/Program range. The devices also support the industry standard 
¢ Cascadable Output Enable serial interface to popular RAM-based Field Program- 
¢ 10 MHz Maximum Clock Rate @ 5.0 Vdc mable Gate Arrays (FPGA). Advanced CMOS technol- 
e Programmable Polarity on Hardware Reset ogy makes this an ideal bootstrap solution for today's 
¢ Programming with industry standard EPROM high speed RAM based FPGAs. The 37LV36/65/128 
programmers family is available in the standard 8-pin plastic DIP, 8-pin 
e Electrostatic discharge protection > 2000 volts SOIC and 20-pin PLCC packages. 


8-pin PDIP/SOIC and 20-pin PLCC packages 


Temperature ranges: | DEVICE _ BITS PROGRAMMING WORD 


- Commercial: O°C to +70°C 
- Industrial: | -40°C to +85°C 


37LV36 36,288 1134 X 32 


37LV65 65,536 2048 x 32 
PIN CONFIGURATIONS 37LV128 131,072 4096 x 32 





PDIP Package 


FIGURE 1 - BLOCK DIAGRAM 


CE 


RESET/OE 
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SALES AND SUPPORT 


To order or to obtain information, e. g., on pricing or collet: please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 


PART NUMBERS 
37LVXXX 


PACKAGE: P _ Plastic DIP, 8 lead 
SN Plastic SOIC (150 mil Body), 8 lead 
L Plastic Leaded Chip Carrier (PLCC), 20 lead 


TEMPERATURE Blank 0°C to +70°C 
RANGE: | -40°C to +85°C 


SHIPPING: Blank Tube 
T Tape and Reel 


DEVICE: — 37LV128 128K Serial EPROM 
37LV65 64K Serial EPROM 
37LV36 36K Serial EPROM 





DS21080A-page 2 p r el m na ry © 1994 Microchip Technology Inc. 
7-84 





MicROCHIP 


EPROM 





EPROM Cross Reference Guide 





INTRODUCTION 


The purpose of this document is to provide a quick way 
to determine which EPROM parts are mechanical and 
electrical equivalents to Microchip devices. There is 
also a listing of manufacturer's part numbering schemes 
to assist in determining the specifications of a particular 
part. The cross reference section is broken down by 
manufacturer and lists all parts from that manufacturer, 
and the plug compatible Microchip part number. 


The one exception to plug compatibility listed in this 
cross-reference concerns the 28 pin SOIC package. 
Microchip, along with other manufacturers, make this 
part ina .300" (JEDEC Standard) width. There are other 
manufacturers that produce this device in a .330" (EIAJ 
Standard) wide package. In many cases, the PCB can 
be laid out to accommodate both versions. The devices 
that are offered in the .330" package are listed in this 
reference with an asterisk. 


Microchip provides a wide selection of EPROM devices, 
both from a density and a packaging standpoint. If you 
are interested in a part that is not listed in this book, 
please refer to the Microchip data book, or contact your 
local distributor or sales representative for assistance. 


Advanced Micro Devices 

Texas Instruments 

ST® SGS-Thomson 

Intel Corporation 

Toshiba Corporation 

National Semiconductor Corporation 
Hitachi Corporation 

Atmel Corporation 


Toshiba® 
National® 





The information contained in this publication regarding com- 


petitor devices was obtained from the respective EPROM 
manufacturer's latest available published technical information 
and may be subject to updates 


AMD is a registered trademark of Advanced Micro Devices. 
ST is a registered trademark of SGS-Thomson. 

Intel is a registered trademark of Intel Corporation. 

Toshiba is a registered trademark of Toshiba Corporation. 


National and National Semiconductor are registered trade- 
marks of National Semiconductor Corporation. 


Hitachi is a registered trademark of Hitachi Corporation. 
Atmel is a registered trademark of Atmel Corporation. 

All other trademarks mentioned herein are property of their 
respective companies. 
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CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 


HITACHI DESCRIPTION MICROCHIP P/N 


HN27C256AG-10 
HN27C256HP-10 
HN27C256FP-10T* - 
HN27C256AG-12 
HN27C256AG-15 
HN27C256FP-25T/-30T* 


HN27512G-25/-30 
HN27512P-25/-30 


HN27C256HG-70/-85 
HN27C256HP-70/-85 
HN27C256HFP-85T* 


UV 256K EPROM,100NS 
OTP 256K EPROM,100NS 
OTP 256K EPROM, 100NS 
UV 256K EPROM,120NS 

UV 256K EPROM,150NS 
OTP 256K EPROM,200NS 
UV 512K EPROM,200NS 
OTP 512K EPROM,200NS 
UV 256K HS EPROM,70NS 
OTP 256K HS EPROM,70NS 
OTP 256K HS EPROM,70NS 


CERDIP 28 
PDIP 28 
SOIC 28 
CERDIP 28 
CERDIP 28 
SOIC 28 
CERDIP 28 
PDIP 28 
CERDIP 28 
PDIP 28 
SOIC 28 


27C256-10/J 
27C256-10/P 
27C256-10/SO 
27C256-12/J 
27C256-15/J 
27C256-20/SO 
27C512-20/J 
27C512-20/P 
27HC256-70/J 
27HC256-70/P 
27HC256-70/SO 





| AMD =——~—_ | _ DESCRIPTION MICROCHIP P/N | 


Am27C64-120DC 
Am27C64-120LC 
Am27C64-120JC 
Am27C64-120PC 
Am27C64-150DC 
Am27C64-150LC 
Am27C64-150JC 
Am27C64-150PC 
Am27C64-200DC 
Am27C64-200LC 
Am27C64-200JC 
Am27C64-200PC 
Am27C64-250DC 
Am27C64-250LC 
Am27C64-250JC 
Am27C64-250PC 
Am27C64-120DI 
Am27C64-150DI 
Am27C64-150LI 
Am27C64-150uI 
Am27C64-150PI 
Am27C64-200D! 
Am27C64-200LI 
Am27C64-200uI 
Am27C64-200PI 
Am27C64-250DI 
Am27C64-250LI 
Am27C64-250uI 
Am27C64-250PI 
Am27C128-120DC 
Am27C128-120LC 
Am27C128-120JC 
Am27C128-120PC 
Am27C128-150DC 
Am27C128-150LC 
Am27C128-150JC 
Am27C128-150PC 
Am27C128-200DC 
Am27C128-200LC 
Am27C128-200JC 
Am27C128-200PC 
Am27C128-250DC 
Am27C128-250LC 
Am27C128-250JC 
Am27C128-250PC 
Am27C128-120DI 
Am27C128-150DI 
Am27C128-150L! 
Am27C128-150JI 
Am27C128-150PI 
Am27C128-200D! 
Am27C128-200LI 


DS111 78B-page 2 


UV 64K EPROM, 120NS 
UV 64K EPROM, 120NS 


~ OTP 64K EPROM,120NS 


OTP 64K EPROM,120NS 
UV 64K EPROM, 150NS 
UV 64K EPROM, 150NS 
OTP 64K EPROM, 150NS 


NTE CA EO 
OTP 64K EPROM, 1SONS 


UV 64K EPROM,200NS 
UV 64K EPROM,200NS 
OTP 64K EPROM,200NS 
OTP 64K EPROM,200NS 
UV 64K EPROM,250NS 
UV 64K EPROM,250NS 
OTP 64K EPROM,250NS 
OTP 64K EPROM,250NS 
UV 64K EPROM, 120NS,IND 
UV 64K EPROM,150NS,IND 
UV 64K EPROM, 150NS,IND 
OTP 64K EPROM, 150NS,IND 
OTP 64K EPROM, 150NS,IND 
UV 64K EPROM,200NS,/ND 
UV 64K EPROM,200NS,IND 
OTP 64K EPROM,200NS,/IND 
OTP 64K EPROM,200NS,!IND 
UV 64K EPROM,250NS,IND 
UV 64K EPROM,250NS,IND 
OTP 64K EPROM,250NS,|IND 
OTP 64K EPROM,250NS, IND 
UV 128K EPROM,120NS 
UV 128K EPROM,120NS 
OTP 128K EPROM,120NS 
OTP 128K EPROM,120NS 
UV 128K EPROM, 150NS 
UV 128K EPROM,150NS 
OTP 128K EPROM,150NS 
OTP 128K EPROM,150NS 
UV 128K EPROM,200NS 
UV 128K EPROM,200NS 
OTP 128K EPROM,200NS 
OTP 128K EPROM,200NS 
UV 128K EPROM,250NS 
. UV 128K EPROM,250NS 
OTP 128K EPROM,250NS 
OTP 128K EPROM,250NS 
UV 128K EPROM,120NS,IND 
UV 128K EPROM,150NS,IND 
UV 128K EPROM,150NS,IND 
OTP 128K EPROM,150NS,IND 
OTP 128K EPROM,150NS,IND 
UV 128K EPROM,200NS,IND 
UV 128K EPROM,200NS,IND 
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CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 


27C64-12/J 
27C64-12/K 
27C64-12/L 
27C64-12/P 
27C64-15/J 
27C64-15/K 
27C64-15/L 
27C64-15/P 
27C64-20/J 
27C64-20/K 
27C64-20/L 
27C64-20/P 
27C64-25/J 
27C64-25/K 
27C64-25/L 
27C64-25/P 
27C64-12UJ 
27C64-15U/J 
27C64-15UK 
27C64-15UL. 
27C64-15UP 
27C64-20U/J 
27C64-20V/K 
27C64-20VL 
27C64-201/P 
27C64-25i/J 
27C64-251/K 
27C64-25VL 
27C64-25I/P 
27C0128-12/J 
27C0128-12/K 
27C128-12/L 
27C128-12/P 
27C0128-15/J 
27C128-15/K 
27C0128-15/L 
27C128-15/P 
27C128-20/J 
27C128-20/K 
27C128-20/L 
27C128-20/P 
270128-25/J 
27C128-25/K 
27C128-25/L 
27C128-25/P 
270128-12UJ 
27C128-15U/J 
27C128-15VK 
27C128-151/L 
27C128-151/P 
27C128-20U/J 
27C128-201/K 
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CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 


Am27C128-200J! 
Am27C128-200PI 
Am27C128-250DI 
Am27C128-250LI 
Am27C128-250JI 
Am27C128-250PI 
Am27C256-90DC 
Am27C256-90LC 
Am27C256-90JC 
Am27C256-90PC 
Am27C256-100DC 
Am27C256-100LC 
Am27C256-100JC 
Am27C256-100PC 
Am27C256-120DC 
Am27C256-120LC 
Am27C256-120JC 
Am27C256-120PC 
Am27C256-150DC 
Am27C256-150LC 
Am27C256-150JC 
Am27C256-150PC 
Am27C256-200DC 
Am27C256-200LC 
Am27C256-200JC 
Am27C256-200PC 
Am27C256-100DI 
Am27C256-100LI 
Am27C256-100J! 
Am27C256-100P! 
Am27C256-120DI 
Am27C256-120LI 
Am27C256-120JI 
Am27C256-120PI 
Am27C256-150DI 
Am27C256-150LI 
Am27C256-1504I 
Am27C256-150PI 
Am27C256-200DI 
Am27C256-200LI 
Am27C256-200JI 
Am27C256-200PI 
Am27C512-90DC 
Am27C512-90LC 
Am27C512-90JC 
Am27C512-390PC 
Am27C512-120DC 
Am27C512-120LC 
Am27C512-120JC 
Am27C512-120PC 
Am27C512-150DC 
Am27C512-150LC 
Am27C512-150JC 
Am27C512-150PC 
Am27C512-200DC 
Am27C512-200LC 
Am27C512-200JC 
Am27C512-200PC 
Am27C512-120DI 
Am27C512-120LI 
Am27C512-120Jl 
Am27C512-120PI 
Am27C512-150DI 
Am27C512-150LI 
Am27C512-150JI 


OTP 128K EPROM,200NS,IND 
OTP 128K EPROM,200NS,IND 
UV 128K EPROM,250NS,IND 
UV 128K EPROM,250NS,|IND 
OTP 128K EPROM,250NS,|IND 
OTP 128K EPROM,250NS,IND 
UV 256K EPROM,90NS 

OTP 256K EPROM,90NS 

OTP 256K EPROM,90NS 

OTP 256K EPROM,90NS 

UV 256K EPROM,100NS 

UV 256K EPROM, 100NS 

OTP 256K EPROM, 100NS 
OTP 256K EPROM, 100NS 

UV 256K EPROM,120NS 

UV 256K EPROM,120NS 

OTP 256K EPROM,120NS 
OTP 256K EPROM, 120NS 

UV 256K EPROM, 150NS 

UV 256K EPROM, 150NS 

OTP 256K EPROM,150NS 
OTP 256K EPROM, 150NS 

UV 256K EPROM,200NS 

UV 256K EPROM,200NS 

OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 

UV 256K EPROM, 100NS,IND 
UV 256K EPROM, 100NS,IND 
OTP 256K EPROM, 100NS,IND 
OTP 256K EPROM, 100NS,IND 
UV 256K EPROM,120NS,IND 
UV 256K EPROM, 120NS,IND 
OTP 256K EPROM, 120NS,IND 
OTP 256K EPROM, 120NS,IND 
UV 256K EPROM, 150NS,IND 
UV 256K EPROM, 150NS,IND 
OTP 256K EPROM, 150NS,IND 
OTP 256K EPROM, 150NS,IND 
UV 256K EPROM,200NS,IND 
UV 256K EPROM,200NS,IND 
OTP 256K EPROM,200NS,/ND 
OTP 256K EPROM,200NS,|IND 
UV 512K EPROM,90NS 

UV 512K EPROM,90NS 

OTP 512K EPROM,90NS 

OTP 512K EPROM,90NS 

UV 512K EPROM, 120NS 

UV 512K EPROM, 120NS 

OTP 512K EPROM, 120NS 
OTP 512K EPROM, 120NS 

UV 512K EPROM, 150NS 

UV 512K EPROM, 150NS 

OTP 512K EPROM,150NS 
OTP 512K EPROM,150NS 

UV 512K EPROM,200NS 

UV 512K EPROM,200NS 

OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 

UV 512K EPROM, 120NS,IND 
UV 512K EPROM,120NS,IND 
OTP 512K EPROM, 120NS,IND 
OTP 512K EPROM,120NS,IND 
UV 512K EPROM, 150NS,IND 
UV 512K EPROM, 150NS,IND 
OTP 512K EPROM, 150NS,IND 


PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
PLCC 32 
PDIP 28 
SOIC 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 


27C128-20UL 
27C128-201/P 
27C128-25UJ 
27C128-25V/K 
27C128-25U/L 
27C128-251/P 
27C256-90/J 
27C256-90/L 
27C256-90/P 


27C256-90/SO 


27C256-10/J 
27C256-10/K 
27C256-10/L 
27C256-10/P 
27C256-12/J 
27C256-12/K 
27C256-12/L 
27C256-12/P 
27C256-15/J 
27C256-15/K 
27C256-15/L 
27C256-15/P 
27C256-20/J 
27C256-20/K 
27C256-20/L 
27C256-20/P 
27C256-10U/J 
27C256-10UK 
27C256-10V/L 
27C256-10U/P 
27C256-12U/J 
27C0256-12UK 
27C256-12UL 
27C256-12U/P 
27C256-15U/J 
27C256-15U/K 
27C256-15V/L 
27C256-151/P 
27C256-20U/J 
27C256-20U/K 
27C256-20UL. 
27C256-20U/P 
27C0512-90/J 
27C512-90/K 
27C512-90/L 
27C512-90/P 
27C512-12/J 
27C512-12/K 
27C512-12/L 
27C512-12/P 
27C512-15/J 
27C512-15/K 
27C512-15/L 
27C512-15/P 
27C512-20/J 
27C512-20/K 
27C512-20/L 
27C512-20/P 
27C512-12U/J 
27C512-12UK 
27C512-12U/L 
27C512-121/P 
27C512-15V/J 
27C512-15VUK 
27C512-151/L 


DESCRIPTION MICROCHIP P/N 
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CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 


AMD (Cont.) | DESCRIPTION MICROCHIP P/N | 


Am27C512-150PI - OTP 512K EPROM, 150NS,IND PDIP 28 27C512-15/P 
Am27C512-200DI UV 512K EPROM,200NS,IND CERDIP 28 27C512-201/J 
Am27C512-200LI UV 512K EPROM,200NS,IND LCC 32 27C512-20U/K 
Am27C512-200JI OTP 512K EPROM,200NS,IND PLCC 32 27C512-20U/L 
Am27C512-200PI OTP 512K EPROM,200NS,IND PDIP 28 27C512-201/P 
Am27C512-75DI UV 512K EPROM,70NS CERDIP 28 27C512A-70/J 
Am27C512-75LI UV 512K EPROM,70NS LCC 32 27C512A-70/K 
Am27C512-90DC UV 512K EPROM,90NS CERDIP 28 27C512A-90/J 
Am27C512-90LC UV 512K EPROM,90NS LCC 32 27C512A-90/K 
Am27C512-90JC OTP 512K EPROM,90NS PLCC 32 27C512A-90/L 
Am27C512-90PC OTP 512K EPROM,90NS PDIP 28 27C512A-90/P 
Am27C512-120DC UV 512K EPROM,120NS CERDIP 28 27C512A-12/J 
Am27C512-120LC UV 512K EPROM,120NS LCC 32 27C512A-12/K 
Am27C512-120JC OTP 512K EPROM, 120NS PLCC 32 27C512A-12/L 
Am27C512-120PC OTP 512K EPROM,120NS PDIP 28 27C512A-12/P 
Am27C512-150DC UV 512K EPROM, 150NS CERDIP 28 27C512A-15/J 
Am27C512-150LC UV 512K EPROM, 150NS LCC 32 27C512A-15/K 
Am27C512-150JC OTP 512K EPROM,150NS PLCC 32 27C512A-15/L 
Am27C512-150PC OTP 512K EPROM,150NS PDIP 28 27C512A-15/P 
Am27C512-200DC UV 512K EPROM,200NS CERDIP 28 27C512A-20/J 
Am27C512-200LC UV 512K EPROM,200NS LCC 32 27C512A-20/K 
Am27C512-200JC OTP 512K EPROM,200NS PLCC 32 27C512A-20/L 
Am27C512-200PC OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 
Am27HC256-55DC UV 256K HS EPROM,55NS CERDIP 28 27HC256-55/J 
Am27HC256-55LC UV 256K HS EPROM,55NS LCC 32 27HC256-55/K 
Am27HC256-55JC OTP 256K HS EPROM,55NS PLCC 32 27HC256-55/L 
Am27HC256-55PC OTP 256K HS EPROM,55NS PDIP 28 27HC256-55/P 
Am27HC256-70DC UV 256K HS EPROM,70NS CERDIP 28 27HC256-70/J 
Am27HC256-70LC UV 256K HS EPROM,70NS LCC 32 27HC256-70/K 
Am27HC256-70J5C OTP 256K HS EPROM,70NS PLCC 32 27HC256-70/L 
Am27HC256-70PC OTP 256K HS EPROM,70NS PDIP 28 27HC256-70/P 
Am27HC256-55D! UV 256K HS EPROM,55NS,IND CERDIP 28 27HC256-551/J 
Am27HC256-55J! OTP 256K HS EPROM,55NS,IND PLCC 32 27HC256-551/L 
Am27HC256-55P | OTP 256K HS EPROM,55NS,IND PDIP 28 27HC256-551/P 
Am27HC256-70DI UV 256K HS EPROM,70NS,IND CERDIP 28 27HC256-70V/J 
Am27HC256-701LI UV 256K HS EPROM,70NS,IND LCC 32 27HC256-70U/K 
Am27HC256-70JI OTP 256K HS EPROM,70NS,IND PLCC 32 27HC256-701/L 
Am27HC256-70PI OTP 256K HS EPROM,70NS,IND PDIP 28 27HC256-701/P 
ms escrprion, MICROCHIP PIN 
TMS27C128-12JL UV 128K EPROM, 120NS CERDIP 28 27C0128-12/J 
TMS27PC128-12FML OTP 128K EPROM,120NS PLCC 32 27C128-12/L 
TMS27PC128-12NL OTP 128K EPROM,120NS PDIP 28 27C128-12/P 
TMS27C128-15JL UV 128K EPROM,150NS CERDIP 28 270128-15/J 
TMS27PC128-15FML OTP 128K EPROM, 150NS PLCC 32 27C128-15/L 
TMS27PC128-15NL OTP 128K EPROM, 150NS PDIP 28 27C128-15/P 
TMS27C128-20JL UV 128K EPROM,200NS CERDIP 28 27C128-20/J 
TMS27PC128-20FML OTP 128K EPROM,200NS PLCC 32 27C128-20/L 
TMS27PC128-20NL OTP 128K EPROM,200NS PDIP 28 27C128-20/P 
TMS27C128-25JL UV 128K EPROM,250NS CERDIP 28 27C0128-25/J 
TMS27PC128-25FML OTP 128K EPROM,250NS PLCC 32 27C128-25/L 
TMS27PC128-25NL OTP 128K EPROM,250NS PDIP 28 27C0128-25/P 
TMS27C128-15JE UV 128K EPROM, 150NS,IND CERDIP 28 270128-15UJ 
TMS27PC128-1 5FME OTP 128K EPROM,150NS,IND PLCC 32 27C0128-15VL 
TMS27PC128-15NE OTP 128K EPROM,150NS,!IND PDIP 28 27C128-15UP 
TMS27C128-20JE UV 128K EPROM,200NS,IND CERDIP 28 27C128-20UJ 
TMS27PC128-20FME OTP 128K EPROM,200NS,IND PLCC 32 27C128-20VL 
TMS27PC128-20NE OTP 128K EPROM,200NS, IND PDIP 28 27C128-20UP 
TMS27C128-25JE UV 128K EPROM,250NS,IND CERDIP 28 270128-25UJ 
TMS27PC128-25FME OTP 128K EPROM,250NS,!IND PLCC 32 27C128-25UL 
TMS27PC128-25NE OTP 128K EPROM,250NS,IND PDIP 28 27C128-25i/P 
TMS27C256-10JL UV 256K EPROM, 100NS CERDIP 28 27C256-10/J 
TMS27PC256-10FML OTP 256K EPROM,100NS PLCC 32 27C256-10/L 
TMS27PC256-10NL OTP 256K EPROM,100NS PDIP 28 27C256-10/P 
TMS27C256-12JL UV 256K EPROM, 120NS CERDIP 28 27C256-12/J 
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TMS27PC256-12FML OTP 256K EPROM,120NS PLCC 32 27C256-12/L. 























































































































































































































































































TMS27PC256-12NL OTP 256K EPROM, 120NS PDIP 28 27C256-12/P 
TMS27C256-15JL UV 256K EPROM, 150NS CERDIP 28 27C256-15/J 
TMS27PC256-15FML OTP 256K EPROM,150NS PLCC 32 27C256-15/L 
TMS27PC256-15NL OTP 256K EPROM,150NS PDIP 28 27C256-15/P 
TMS27C256-20JL UV 256K EPROM,200NS CERDIP 28 27C256-20/J 
TMS27PC256-20FML OTP 256K EPROM,200NS PLCC 32 27C256-20/L 
TMS27PC256-20NL OTP 256K EPROM,200NS PDIP 28 27C256-20/P 
TMS27C256-10JE UV 256K EPROM,100NS,IND CERDIP 28 27C256-10U/J 
TMS27PC256-10FME OTP 256K EPROM,100NS,IND PLCC 32 27C256-10UL 
TMS27PC256-10NE OTP 256K EPROM,100NS,IND PDIP 28 27C256-101/P 
TMS27C256-12JE UV 256K EPROM,120NS,IND CERDIP 28 27C256-12U/J 
TMS27PC256-12FME OTP 256K EPROM,120NS,IND PLCC 32 27C256-12UL 
TMS27PC256-12NE OTP 256K EPROM,120NS,IND PDIP 28 27C256-12U/P 
TMS27C256-15JE UV 256K EPROM,150NS,IND CERDIP 28 27C256-15U/J 
TMS27PC256-15FME OTP 256K EPROM, 150NS,IND PLCC 32 27C256-15UL 
TMS27PC256-15NE OTP 256K EPROM,150NS,IND PDIP 28 27C256-15UP 
TMS27C256-20JE UV 256K EPROM,200NS,IND CERDIP 28 27C256-20U/J 
TMS27PC256-20FME OTP 256K EPROM,200NS,IND PLCC 32 27C256-20U/L 
TMS27PC256-20NE OTP 256K EPROM,200NS,IND PDIP 28 27C256-201/P 
TMS27C512-10JL UV 512K EPROM,100NS CERDIP 28 27C512-10/J 
TMS27PC512-10FML OTP 512K EPROM, 100NS PLCC 32 27C512-10/L 
TMS27PC512-10NL OTP 512K EPROM, 100NS PDIP 28 27C512-10/P 
TMS27C512-12JL UV 512K EPROM, 120NS CERDIP 28 270512-12/5 
TMS27PC512-12FML OTP 512K EPROM,120NS PLCC 32 27C512-12/L 
TMS27PC512-12NL OTP 512K EPROM, 120NS PDIP 28 27C512-12/P 
TMS27C512-15JL UV 512K EPROM, 150NS CERDIP 28 27C512-15/J 
TMS27PC512-15FML OTP 512K EPROM, 150NS PLCC 32 27C512-15/L 
TMS27PC512-15NL OTP 512K EPROM,150NS PDIP 28 27C512-15/P 
TMS27C512-20JL UV 512K EPROM,200NS CERDIP 28 27C512-20/J3 
TMS27PC512-20FML OTP 512K EPROM,200NS PLCC 32 27C512-20/L 
TMS27PC512-20NL OTP 512K EPROM,200NS PDIP 28 27C512-20/P 
TMS27C512-10JE UV 512K EPROM,100NS,IND CERDIP 28 27C512-10UJ 
TMS27PC512-10FME OTP 512K EPROM,100NS,IND PLCC 32 27C512-10U/L 
TMS27PC512-10NE OTP 512K EPROM,100NS,IND PDIP 28 27C512-10U/P 
TMS27C512-12JE UV 512K EPROM, 120NS,IND CERDIP 28 27C512-12UJ 
TMS27PC512-12FME OTP 512K EPROM, 120NS,IND PLCC 32 27C512-12UL 
TMS27PC512-12NE OTP 512K EPROM, 120NS,IND PDIP 28 27C512-12U/P 
TMS27C512-15JE UV 512K EPROM, 150NS,IND CERDIP 28 27C512-15UJ 
TMS27PC512-15FME OTP 512K EPROM, 150NS,IND PLCC 32 27C512-15UL 
TMS27PC512-15NE OTP 512K EPROM,150NS,IND PDIP 28 27C512-15UP 
TMS27C512-20JE UV 512K EPROM,200NS,IND CERDIP 28 27C512-20UJ 
TMS27PC512-20FME OTP 512K EPROM,200NS,IND PLCC 32 27C512-20UL 
TMS27PC512-20NE OTP 512K EPROM,200NS,IND PDIP 28 27C512-20UP 
TMS27C512-80JL UV 512K EPROM,70NS CERDIP 28 27C512A-70/J3 
TMS27PC512-80FML OTP 512K EPROM,70NS PLCC 32 27C512A-70/L 
TMS27PC512-80NL OTP 512K EPROM,70NS PDIP 28 27C512A-70/P 
TMS27C512-10JL UV 512K EPROM,90NS CERDIP 28 27C512A-90/J 
TMS27PC512-10FML OTP 512K EPROM,90NS PLCC 32 27C512A-90/L 
TMS27PC512-10NL OTP 512K EPROM,90NS PDIP 28 27C512A-90/P 
TMS27C512-12JL UV 512K EPROM,120NS CERDIP 28 27C512A-12/J 
TMS27PC512-12FML OTP 512K EPROM, 120NS PLCC 32 27C512A-12/L 
TMS27PC512-12NL OTP 512K EPROM,120NS PDIP 28 27C512A-12/P 
TMS27C512-15JL UV 512K EPROM,150NS CERDIP 28 27C512A-15/J 
TMS27PC512-15FML OTP 512K EPROM,150NS PLCC 32 27C512A-15/L 
TMS27PC512-15NL OTP 512K EPROM,150NS PDIP 28 27C512A-15/P 
TMS27C512-20JL UV 512K EPROM,200NS CERDIP 28 27C512A-20/J 
TMS27PC512-20FML OTP 512K EPROM,200NS PLCC 32 27C512A-20/L 
TMS27PC512-20NL OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 













DESCRIPTION MICROCHIP P/N 


UV 64K EPROM, 150NS CERDIP 28 27C64-15/J 
OTP 64K EPROM,150NS PLCC 32 27C64-15/L 
OTP 64K EPROM,150NS PLCC 32 27C64T-15/L 
UV 64K EPROM,200NS CERDIP 28 27C64-20/J 










M27C64A-15F 1 
M27C64A-15C1 

M27C64A-15C1TR 
M27C64A-20F 1 











A a a a SS eel 
© 1994 Microchip Technology Inc. DS11178B-page 5 
7-89 











CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 
| SGs(Cont) | SCRIPTION, =| MICROCHIPPIN, 


M27C64A-20C1_ OTP 64K EPROM,200NS PLCC 32 27C64-20/L 
M27C64A-20C1TR OTP 64K EPROM,200NS PLCC 32 27C64T-20/L 
M27C64A-25F 1 UV 64K EPROM,250NS CERDIP 28 27C64-25/J 
M27C64A-25C1 ' OTP 64K EPROM,250NS PLCC 32 27C64-25/L 
M27C64A-25C1TR OTP 64K EPROM,250NS PLCC 32 27C64T-25/L. 
M27C64A-15F6 UV 64K EPROM, 150NS,IND CERDIP 28 27C64-15V/J 
M27C64A-15C6 . OTP 64K EPROM, 150NS,IND PLCC 32 27C64-15UL 
M27C64A-15C6TR. - OTP 64K EPROM, 150NS,IND PLCC 32 27C64T-15UL 
M27C64A-20F6 UV 64K EPROM,200NS,IND CERDIP 28 27C64-20UJ 
M27C64A-20C6 OTP 64K EPROM,200NS,IND PLCC 32 27C064-20UL 
M27C64A-20C6TR | OTP 64K EPROM,200NS,IND PLCC 32 27C64T-20UL 
M27C64A-25F6 UV 64K EPROM,250NS,IND CERDIP 28 27C64-25UJ 
M27C64A-25C6 OTP 64K EPROM,250NS,IND PLCC 32 27C64-25//L 
M27C64A-25C6TR OTP 64K EPROM,250NS,IND PLCC 32 27C64T-25VL | 
M27C128A-12F 1 UV 128K EPROM,120NS CERDIP 28 27C0128-12/J 
M27C128A-12C1 OTP 128K EPROM,120NS PLCC 32 27C128-12/L 
M27C128A-15F 1 UV 128K EPROM,150NS CERDIP 28 27C128-15/J 
M27C128A-15C1 OTP 128K EPROM,150NS PLCC 32 270128-15/L. 
M27C128A-20F 1 UV 128K EPROM,200NS CERDIP 28 27C128-20/J 
M27C128A-20C1 OTP 128K EPROM,200NS PLCC 32 27C0128-20/L 
M27Ci28A-12F6 UV 126K EPROM, 120NS,iIND CERDIP 28 270128-12U3 
M27C128A-15F6 UV 128K EPROM,150NS,IND CERDIP 28 27C128-15U/J 
M27C128A-15C6 OTP 128K EPROM,150NS,IND PLCC 32 27C128-15V/L 
M27C128A-20F6 UV 128K EPROM,200NS,IND CERDIP 28 270128-20U/J 
M27C128A-20C6 OTP 128K EPROM,200NS,|IND PLCC 32 27C128-20V/L 
M27C256B-90F 1 UV 256K EPROM,90NS CERDIP 28 27C256-90/3 
M27C256B-90C1 OTP 256K EPROM,90NS PLCC 32 27C256-90/L. 
M27C256B-90B1 OTP 256K EPROM,90NS PDIP 28 27C256-90/P 
M27C256B-90C1 OTP 256K EPROM,90NS PLCC 32 27C256T-90/L 
M27C256B-10F 1 UV 256K EPROM,100NS — CERDIP 28 27C256-10/J 
M27C256B-10C1 OTP 256K EPROM,100NS PLCC 32 27C256-10/L 
M27C256B-10B1 OTP 256K EPROM,100NS PDIP 28 27C256-10/P 
M27C256B-10N1 OTP 256K EPROM,100NS VSOP 28 27C0256-10/VS 
M27C256B-10C1 OTP 256K EPROM,100NS PLCC 32 27C256T-10/L 
M27C256B-12F 1 UV 256K EPROM,120NS CERDIP 28 27C0256-12/J 
M27C256B-12C1 OTP 256K EPROM,120NS PLCC 32 27C256-12/L 
M27C256B-12B1 OTP 256K EPROM,120NS PDIP 28 27C256-12/P 
M27C256B-12M1* OTP 256K EPROM,120NS SOIC 28 27C256-12/SO 
M27C256B-12N1 OTP 256K EPROM,120NS VSOP 28 27C256-12/VS 
M27C256B-12C1 OTP 256K EPROM,120NS PLCC 32 27C256T-12/L 
M27C256B-15F 1 UV 256K EPROM,150NS CERDIP 28 27C256-15/J 
M27C256B-15C1 OTP 256K EPROM,150NS PLCC 32 27C256-15/L 
M27C256B-15B1 OTP 256K EPROM, 150NS PDIP 28 27C256-15/P 
M27C256B-15M1* OTP 256K EPROM,150NS SOIC 28 27C256-15/SO 
M27C256B-15N1 OTP 256K EPROM,150NS VSOP 28 27C256-15/VS 
M27C256B-15C1 OTP 256K EPROM, 150NS PLCC 32 27C256T-15/L 
M27C256B-20F1 UV 256K EPROM,200NS CERDIP 28 27C256-20/J 
M27C256B-20C1 OTP 256K EPROM,200NS PLCC 32 27C256-20/L 
M27C256B-20B1 OTP 256K EPROM,200NS PDIP 28 27C256-20/P 
M27C256B-20M1* OTP 256K EPROM,200NS SOIC 28 27C256-20/SO 
M27C256B-20C1 . OTP 256K EPROM,200NS PLCC 32 27C256T-20/L 
M27C256B-10F6 UV 256K EPROM,100NS,IND CERDIP 28 27C256-101/J 
M27C256B-10C6 OTP 256K EPROM,100NS,IND PLCC 32 27C256-10V/L 
M27C256B-10B6 OTP 256K EPROM,100NS,IND PDIP 28 27C256-10U/P 
M27C256B-10C6 OTP 256K EPROM,100NS,IND PLCC 32 27C256T-10UL 
M27C256B-12F6 . UV 256K EPROM,120NS,IND CERDIP 28 27C256-12I/J 
M27C256B-12C6 OTP 256K EPROM,120NS,IND PLCC 32 27C256-12VL. 
M27C256B-12B6 OTP 256K EPROM,120NS,IND PDIP 28 27C256-12UP 
M27C256B-12C6 OTP 256K EPROM,120NS,IND PLCC 32 27C256T-12UL 
M27C256B-15F6 UV 256K EPROM,150NS,IND CERDIP 28 27C256-15I/J 
M27C256B-15C6 OTP 256K EPROM,150NS,IND PLCC 32 27C256-15V/L 
M27C256B-15B6 OTP 256K EPROM,150NS,IND PDIP 28 27C256-15UP 
M27C256B-15C6 OTP 256K EPROM,150NS,IND PLCC 32 27C256T-15VL 
M27C256B-20F6 UV 256K EPROM,200NS,IND CERDIP 28 27C256-201/J 
M27C256B-20C6 OTP 256K EPROM,200NS,IND PLCC 32 27C256-201/L 
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M27C256B-20B6 OTP 256K EPROM,200NS,!IND PDIP 28 27C256-20UP 
M27C256B-20C6 OTP 256K EPROM,200NS,IND PLCC 32 27C256T-20VL 
M27C512-90F 1 UV 512K EPROM,90NS CERDIP 28 27€512-90/J 
M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512-90/L 
M27C512-90B1 OTP 512K EPROM,90NS PDIP 28 27C512-90/P 
M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512T-90/L 
M27C512-10F 1 UV 512K EPROM,100NS CERDIP 28 27C512-10/J 
M27C512-10C1 OTP 512K EPROM,100NS PLCC 32 27C512-10/L 
M27C512-10B1 OTP 512K EPROM,100NS PDIP 28 27C512-10/P 
M27C512-10C1 OTP 512K EPROM,100NS PLCC 32 27C512T-10/L 
M27C512-12F 1 UV 512K EPROM,120NS CERDIP 28 27C512-12/J 
M27C512-12C1 OTP 512K EPROM, 120NS PLCC 32 27C512-12/L 
M27C512-12B1 OTP 512K EPROM,120NS PDIP 28 27C512-12/P 
M27C512-12C1 OTP 512K EPROM,120NS PLCC 32 27C512T-12/L 
M27C512-15F 1 UV 512K EPROM,150NS CERDIP 28 27C512-15/J 
M27C512-15C1 OTP 512K EPROM,150NS PLCC 32 27C512-15/L 
M27C512-15B1 OTP 512K EPROM, 150NS PDIP 28 27C512-15/P 
M27C512-15C1 OTP 512K EPROM, 150NS PLCC 32 27C512T-15/L 
M27C512-20F 1 UV 512K EPROM,200NS CERDIP 28 27C512-20/J 
M27C512-20C1 OTP 512K EPROM,200NS PLCC 32 27C512-20/L 
M27C512-20B1 OTP 512K EPROM,200NS PDIP 28 27C512-20/P 
M27C512-20C1 OTP 512K EPROM,200NS PLCC 32 27C512T-20/L 
M27C512-10F6 UV 512K EPROM, 100NS,IND CERDIP 28 27C512-10U/J 
M27C512-10C6 OTP 512K EPROM,100NS,IND PLCC 32 27C512-10UL 
M27C512-10B6 OTP 512K EPROM,100NS,IND PDIP 28 27C512-10UP 
M27C512-10C6 OTP 512K EPROM,100NS,IND PLCC 32 27C0512T-10VL. 
M27C512-12F6 UV 512K EPROM,120NS,IND CERDIP 28 27C512-12UJ 
M27C512-12C6 OTP 512K EPROM, 120NS,IND PLCC 32 27C512-12UL 
M27C512-12B6 OTP 512K EPROM,120NS,/IND PDIP 28 27C512-12UP 
M27C512-12C6 OTP 512K EPROM,120NS,IND PLCC 32 27C512T-12UL 
M27C512-15F6 UV 512K EPROM, 150NS,IND CERDIP 28 270512-15UJ 
M27C512-15C6 OTP 512K EPROM,150NS,IND PLCC 32 27C512-15UL 
M27C512-15B6 OTP 512K EPROM, 150NS,IND PDIP 28 27C512-15UP 
M27C512-15C6 OTP 512K EPROM,150NS,IND PLCC 32 27C512T-15V/L 
M27C512-20F6 UV 512K EPROM,200NS,IND CERDIP 28 270512-20UJ 
M27C512-20C6 OTP 512K EPROM,200NS,|IND PLCC 32 27C0512-20U/L. 
M27C512-20B6 OTP 512K EPROM,200NS,|IND PDIP 28 27C512-20UP 
M27C512-20C6 OTP 512K EPROM,200NS,/IND PLCC 32 27C512T-20V/L 
M27C512-80F 1 UV 512K EPROM,70NS CERDIP 28 27C512A-70/J 
M27C512-80C1 OTP 512K EPROM,70NS PLCC 32 27C512A-70/L 
M27C512-80B1 OTP 512K EPROM,70NS PDIP 28 27C512A-70/P 
M27C512-80C1 OTP 512K EPROM,70NS PLCC 32 27C512AT-70/L 
M27C512-90F 1 UV 512K EPROM,90NS CERDIP 28 27C512A-90/J 
M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512A-90/L. 
M27C512-90B1 OTP 512K EPROM,90NS PDIP 28 27C512A-90/P 
M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512AT-90/L 
M27C512-12F 1 UV 512K EPROM,120NS CERDIP 28 27C512A-12/J 
M27C512-12C1 OTP 512K EPROM,120NS PLCC 32 27C512A-12/L 
M27C512-12B1 OTP 512K EPROM, 120NS PDIP 28 27C512A-12/P 
M27C512-12C1 OTP 512K EPROM,120NS PLCC 32 27C512AT-12/L 
M27C512-15F 1 UV 512K EPROM,150NS CERDIP 28 27C512A-15/J 
M27C512-15C1 OTP 512K EPROM,150NS PLCC 32 27C512A-15/L 
M27C512-15B1 OTP 512K EPROM, 150NS PDIP 28 27C512A-15/P 
M27C512-15C1 OTP 512K EPROM,150NS PLCC 32 27C512AT-15/L 
M27C512-20F 1 UV 512K EPROM,200NS CERDIP 28 27C512A-20/J 
M27C512-20C1 OTP 512K EPROM,200NS PLCC 32 27C512A-20/L 
M27C512-20B1 OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 
M27C512-20C1 OTP 512K EPROM,200NS PLCC 32 27C512AT-20/L 
M27V512-200K1 OTP 512K EPROM,3V,200NS PLCC 32 27LV512-20/L 
M27V512-250K1 OTP 512K EPROM,3V,250NS PLCC 32 27LV512-25/L 
M27V512-300K1 OTP 512K EPROM,3V,300NS PLCC 32 27LV512-30/L. 
M27V512-200K6 OTP 512K EPROM,3V,200NS,IND PLCC 32 27LV512-20U/L 
M27V512-250K6 - OTP 512K EPROM,3V,250NS,IND PLCC 32 27LV512-25V/L 
M27V512-300K6 OTP 512K EPROM,3V,300NS,IND PLCC 32 27LV512-30U/L 
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27C64A-1Q UV 64K EPROM, 150NS CERDIP 28 27C64-15/J 
27C64A-20Q UV 64K EPROM,200NS CERDIP 28 27C64-20/J 
27C64A-25Q UV 64K EPROM,250NS _ CERDIP 28 27C64-25/J 
27C64A-1T UV 64K EPROM,150NS,IND © CERDIP 28 27C64-151/J 
27C64A-20T UV 64K EPROM,200NS,IND CERDIP 28 27C64-20VJ 
27C64A-25Q UV 64K EPROM,250NS, IND CERDIP 28 27C64-25U/J 
27128A-1Q UV 128K EPROM,150NS CERDIP 28 27C128-15/J 
27128A-20Q UV 128K EPROM,200NS CERDIP 28 27C128-20/J 
27128A-25Q UV 128K EPROM,250NS CERDIP 28 270128-25/J 
27128A-1T UV 128K EPROM, 150NS,IND CERDIP 28 270128-151/J 
27128A-20T UV 128K EPROM,200NS,IND CERDIP 28 27C128-20UJ 
27128A-25T UV 128K EPROM,250NS,|IND CERDIP 28 27C128-251/J 
270256-120V10Q UV 256K EPROM, 120NS CERDIP 28 27C256-12/J 
N27C256-120V10Q OTP 256K EPROM,120NS — PLCC 32 27C256-12/L 
P27C256-120V10Q OTP 256K EPROM, 120NS PDIP 28 27C256-12/P 
27C256-150V10Q UV 256K EPROM,150NS CERDIP 28 27C256-15/J 
N27C256-150V10Q OTP 256K EPROM,150NS PLCC 32 27C256-15/L 
P27C256-150V10Q OTP 256K EPROM,150NS PDIP 28 27C256-15/P 
270256-200V10Q UV 256K EPROM,200NS CERDIP 28 27C256-20/J 
N27C256-200V10Q OTP 256K EPROM,200NS PLCC 32 27C256-20/L 
P27C256-200V10Q OTP 256K EPROM,200NS PDIP 28 270256-20/P 
270256-120V10T UV 256K EPROM, 120NS,IND CERDIP 28 27C256-12U/J 
N27C256-120V10T OTP 256K EPROM,120NS,IND PLCC 32 27C256-12V/L 
P27C256-120V10T OTP 256K EPROM,120NS,IND PDIP 28 27C256-121/P 
27C256-150V10T UV 256K EPROM, 150NS,IND CERDIP 28 27C256-15U/J 
N27C256-150V10T OTP 256K EPROM,150NS,IND PLCC 32 27C256-15V/L 
P27C256-150V10T OTP 256K EPROM,150NS,IND PDIP 28 27C256-151/P 
27C256-200V10T UV 256K EPROM,200NS,|IND CERDIP 28 27C256-20I/J 
N27C256-200V10T OTP 256K EPROM,200NS, IND PLCC 32 27C256-20V/L 
P27C256-200V10T OTP 256K EPROM,200NS,IND PDIP 28 27C256-201/P 
27C0512-120V10Q UV 512K EPROM, 120NS CERDIP 28 27C0512-12/J 
270512-150V10Q UV 512K EPROM,150NS CERDIP 28 27C512-15/J 
270512-200V10Q UV 512K EPROM,200NS CERDIP 28 27C0512-20/J 
270512-120V10T UV 512K EPROM, 120NS,IND CERDIP 28 27C512-121/J 
270512-150V10T UV 512K EPROM,150NS,IND CERDIP 28 27C512-15/J 
270512-200V10T UV 512K EPROM,200NS,IND CERDIP 28 27C512-201/J3 
270512-120V10Q UV 512K EPROM,120NS CERDIP 28 27C512A-12/J 
270512-150V10Q UV 512K EPROM,150NS CERDIP 28 27C512A-15/J 
27C512-200V10Q UV 512K EPROM,200NS CERDIP 28 27C512A-20/J 


TC57256AD-12/-120 
TC57256AD-15/-150 


UV 256K EPROM, 120NS CERDIP 28 27C256-12/J 


TC57256AD-20 
TC54256AP-15 
TC54256AF-20* 
TC57512AD-15 
TC54512AP-15 


TC54512AF-15* 
TC57512AD-20 
TC54512AP-20 
TC54512AF-20* © 
TC54512AP-17 _ 
TC54512AP-20 


TCS7H256D-70/-85 _ 


UV 256K EPROM, 150NS 

UV 256K EPROM,200NS 

OTP 256K EPROM,150NS,iIND 
OTP 256K EPROM,150NS,IND 
UV 512K EPROM,150NS 

OTP 512K EPROM, 150NS 
OTP 512K EPROM, 150NS 

UV 512K EPROM,200NS 

OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,150NS,IND 
OTP 512K EPROM,200NS,IND 
UV 256K HS EPROM,70NS 


CERDIP 28 
CERDIP 28 
PDIP 28 
SOIC 28 
LCC 32 
PDIP 28 
SOIC 28 
CERDIP 28 
PDIP 28 
SOIC 28 
PDIP 28 
PDIP 28 
CERDIP 28 


27C256-15/J 
27C256-20/J 
27C256-151/P 
27C256-15V/SO 
27C512-15/K 
27C512-15/P 
27C512-15/SO 
27C512-20/J 
27C512-20/P 
27C512-20/SO 
27C512-15U/P 
27C512-20V/P 
27HC256-70/J 





NATIONAL DESCRIPTION MICROCHIP P/N 


NM27C64Q150 
NM27C64N150 
NM27C64Q200 
NM27C64N200 
NM27C64QE150 


NM27C64NE150 
NM27C128Q150 
NM27C128N150 
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UV 64K EPROM,150NS 

OTP 64K EPROM, 150NS 

UV 64K EPROM,200NS 

OTP 64K EPROM,200NS 

UV 64K EPROM,150NS,IND 
OTP 64K EPROM, 150NS,IND 
UV 128K EPROM,120NS 
OTP 128K EPROM,120NS 
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CERDIP 28 
PDIP 28 
CERDIP 28 
PDIP 28 
CERDIP 28 
PDIP 28 
CERDIP 28 
PDIP 28 


27C64-15/J 
27C64-15/P 
27C64-20/J 
27C64-20/P 
27C64-15V/J 
27C64-15U/P 
270128-12/J 
270128-12/P 
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CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 


NM27C128Q200 UV 128K EPROM,200NS CERDIP 28 27C128-20/J 
NM27C128N200 OTP 128K EPROM,200NS PDIP 28 27C128-20/P 
NM27C128QE150 UV 128K EPROM,150NS,IND CERDIP 28 27C128-15UJ 
NM27C128NE150 OTP 128K EPROM,150NS,IND PDIP 28 27C128-15UP 
NM27C256Q100 UV 256K EPROM,100NS CERDIP 28 27C256-10/J 
NM27C256V 100 OTP 256K EPROM,100NS PLCC 32 27C256-10/L 
NM27C256N100 OTP 256K EPROM,100NS PDIP 28 27C256-10/P 
NM27C256Q120 UV 256K EPROM, 120NS CERDIP 28 27C256-12/J 
NM27C256V120 OTP 256K EPROM,120NS PLCC 32 27C256-12/L 
NM27C256N120 OTP 256K EPROM, 120NS PDIP 28 27C256-12/P 
NM27C256Q150 UV 256K EPROM,150NS CERDIP 28 27C256-15/J 
NM27C256V 150 OTP 256K EPROM,150NS PLCC 32 27C256-15/L 
NM27C256N150 OTP 256K EPROM,150NS PDIP 28 27C256-15/P 
NM27C256Q200 UV 256K EPROM,200NS CERDIP 28 27C256-20/J 
NM27C256V200 OTP 256K EPROM,200NS PLCC 32 27C256-20/L 
NM27C256N200 OTP 256K EPROM,200NS PDIP 28 27C256-20/P 
NM27C256QE 100 UV 256K EPROM, 100NS,IND CERDIP 28 27C256-10UJ 
NM27C256VE 100 OTP 256K EPROM, 100NS,IND PLCC 32 27C256-10UL 
NM27C256NE100 OTP 256K EPROM, 100NS,IND PDIP 28 27C256-10I/P 
NM27C256QE 120 UV 256K EPROM,120NS,IND CERDIP 28 27C256-12UJ 
NM27C256VE120 OTP 256K EPROM, 120NS,IND PLCC 32 27C256-12UL 
NM27C256NE120 OTP 256K EPROM, 120NS,IND PDIP 28 27C256-12U/P 
NM27C256QE150 UV 256K EPROM,150NS,IND CERDIP 28 27C256-15U/J 
NM27C256VE 150 OTP 256K EPROM,150NS,IND PLCC 32 27C256-15VL 
NM27C256NE150 OTP 256K EPROM, 150NS,IND PDIP 28 27C256-15UP 
NM27C256QE200 UV 256K EPROM,200NS,IND CERDIP 28 27C256-20UJ 
NM27C256VE200 OTP 256K EPROM,200NS, IND PLCC 32 27C256-20UL 
NM27C256NE200 OTP 256K EPROM,200NS,|IND PDIP 28 27C256-20U/P 
NM27C512Q120 UV 512K EPROM, 120NS CERDIP 28 27C512-12/J 
NM27C512V120 OTP 512K EPROM,120NS PLCC 32 27C512-12/L 
NM27C512N120 OTP 512K EPROM,120NS PDIP 28 27C512-12/P 
NM27C512Q150 UV 512K EPROM,150NS CERDIP 28 27C512-15/J3 
NM27C512V150 OTP 512K EPROM,150NS PLCC 32 27C512-15/L 
NM27C512N150 OTP 512K EPROM,150NS PDIP 28 27C0512-15/P 
NM27C512Q200 UV 512K EPROM,200NS CERDIP 28 27C512-20/J 
NM27C512V200 OTP 512K EPROM,200NS PLCC 32 27C512-20/L 
NM27C512N200 OTP 512K EPROM,200NS PDIP 28 27C0512-20/P 
NM27C512QE120 UV 512K EPROM, 120NS,IND CERDIP 28 270512-12UJ 
NM27C512VE120 OTP 512K EPROM, 120NS,IND PLCC 32 270512-12UL 
NM27C512NE120 OTP 512K EPROM, 120NS,IND PDIP 28 27C0512-12U/P 
NM27C512QE150 UV 512K EPROM, 150NS,IND CERDIP 28 27C0512-15UJ 
NM27C512VE150 OTP 512K EPROM, 150NS,IND PLCC 32 27C512-15UL 
NM27C512NE150 OTP 512K EPROM, 150NS,IND PDIP 28 27C512-15UP 
NM27C512QE200 UV 512K EPROM,200NS,|IND CERDIP 28 27C512-20UJ 
NM27C512VE200 OTP 512K EPROM,200NS,IND PLCC 32 27C512-20UL 
NM27C512NE200 OTP 512K EPROM,200NS,IND PDIP 28 27C512-201/P 
NM27C512Q120 UV 512K EPROM, 120NS CERDIP 28 27C512A-12/J 
NM27C512V120 OTP 512K EPROM,120NS PLCC 32 27C512A-12/L 
NM27C512N120 OTP 512K EPROM,120NS PDIP 28 27C512A-12/P 
NM27C512Q150 UV 512K EPROM,150NS CERDIP 28 27C512A-15/J 
NM27C512V150 OTP 512K EPROM,150NS PLCC 32 27C512A-15/L 
NM27C512N150 OTP 512K EPROM, 150NS PDIP 28 27C512A-15/P 
NM27C512Q200 UV 512K EPROM,200NS CERDIP 28 27C512A-20/J 
NM27C512V200 OTP 512K EPROM,200NS PLCC 32 27C512A-20/L 
NM27C512N200 OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 


AT27C256R-90DC UV 256K EPROM,90NS CERDIP 28 27C256-90/J 
AT27C256R-90JC OTP 256K EPROM,90NS PLCC 32 27C256-90/L 
AT27C256R-90PC OTP 256K EPROM,90NS PDIP 28 27C256-90/P 
AT27C256R-90RC* OTP 256K EPROM,90NS SOIC 28 27C256-90/SO 





AT27C256R-90TC OTP 256K EPROM,90NS VSOP 28 27C256-90/VS 
AT27C256R-12DC UV 256K EPROM, 120NS CERDIP 28 27C256-12/J 
AT27C256R-12LC UV 256K EPROM,120NS LCC 32 27C256-12/K 
AT27C256R-12JC OTP 256K EPROM,120NS PLCC 32 27C256-12/L 
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EPROM CROSS REFERENCE GUIDE 


CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 
Atmel Cont) ——~S~*~ztCi‘C#C*‘ESCRRIPTION | —SMICROCHIPPN 


AT27C256R-12PC OTP 256K EPROM,120NS PDIP 28 27C256-12/P 
AT27€256R-12RC* OTP 256K EPROM, 120NS ~ SOIC 28 27C0256-12/SO 
AT27C256R-12TC OTP 256K EPROM, 120NS VSOP 28 27C256-12/VS 
AT27C256R-15DC ~ UV 256K EPROM, 150NS CERDIP 28 27C256-15/J 
AT27C256R-15LC UV 256K EPROM,150NS LCC 32 27C256-15/K | 
AT27C256R-15JC OTP 256K EPROM,150NS PLCC 32 27C256-15/L 
AT27C256R-15PC OTP 256K EPROM,150NS PDIP 28 27C256-15/P 
AT27C256R-15RC* OTP 256K EPROM, 150NS SOIC 28 27C256-15/SO 
AT27C256R-15TC OTP 256K EPROM,150NS VSOP 28 27C256-15/VS 
AT27C256R-20DC UV 256K EPROM,200NS CERDIP 28 27C256-20/J 
AT27C256R-20LC UV 256K EPROM,200NS LCC 32 27C256-20/K 
AT27C256R-20JC OTP 256K EPROM,200NS PLCC 32 27C256-20/L 
AT27C256R-20PC OTP 256K EPROM,200NS PDIP 28 27C256-20/P_ 
AT27C256R-20RC* OTP 256K EPROM,200NS SOIC 28 27C256-20/SO 
AT27C256R-20TC OTP 256K EPROM,200NS VSOP 28 27C256-20/VS 
AT27C256R-12DI UV 256K EPROM, 120NS,IND CERDIP 28 27C256-12U/J 
AT27C256R-12Li UV 256K EPROM,120NS,IND - LCC 32 27C256-12UK 
AT27C256R-12ul OTP 256K EPROM, 120NS,IND PLCC 32 27C256-121/L. 
AT27C256R-12PI OTP 256K EPROM,120NS,IND PDIP 28 27C256-121/P 
AT27C256R-12RI* OTP 256K EPROM, 120NS,IND SOIC 28 27C256-12V/SO 
AT27C256R-15D! UV 256K EPROM,150NS.IND CERDIP 28 27C256-15U/J 
AT27C256R-15LI UV 256K EPROM,150NS,IND LCC 32 27C256-15UK 
AT27C256R-15Jl OTP 256K EPROM, 150NS,IND PLCC 32 27C256-15i/L 
AT27C256R-15PI OTP 256K EPROM, 150NS,IND PDIP 28 27C256-15/P 
AT27C256R-15RI* OTP 256K EPROM, 150NS,IND SOIC 28 27C256-15V/SO 
-AT27C256R-20DI UV 256K EPROM,200NS,IND CERDIP 28 27C256-201/J 

AT27C256R-20LI UV 256K EPROM,200NS,IND LCC 32 27C256-201U/K 
AT27C256R-20JI OTP 256K EPROM,200NS, IND PLCC 32 27C256-20U/L 
AT27C256R-20P! OTP 256K EPROM,200NS,IND PDIP 28 27C256-20U/P 
AT27C256R-20RI* OTP 256K EPROM,200NS,IND SOIC 28 27C256-20V/SO 
AT27C512R-90DC UV 512K EPROM,90NS CERDIP 28 27C512A-90/J 
AT27C512R-90LC UV 512K EPROM,90NS LCC 32 27C512A-90/K 
AT27C512R-90JC OTP 512K EPROM,90NS PLCC 32 27C512A-90/L 
AT27C512R-90PC OTP 512K EPROM,90NS PDIP 28 27C512A-90/P 
AT27C512R-90RC* OTP 512K EPROM,90NS SOIC 28 27C512A-90/SO 
AT27C512R-90TC OTP 512K EPROM,90NS VSOP 28 27C512A-90/VS 
AT27C512R-12DC UV 512K EPROM,120NS CERDIP 28 27C512A-12/J 
AT27C512R-12LC UV 512K EPROM, 120NS LCC 32 27C512A-12/K 
AT27C512R-12JC OTP 512K EPROM,120NS PLCC 32 27C512A-12/L 
AT27C512R-12PC OTP 512K EPROM, 120NS PDIP 28 27C512A-12/P 

| AT27C512R-12RC* OTP 512K EPROM,120NS SOIC 28 27C512A-12/SO 
AT27C512R-12TC OTP 512K EPROM, 120NS VSOP 28 27C512A-12/VS 
AT27C512R-15DC UV 512K EPROM,150NS CERDIP 28 27C512A-15/J 
AT27C512R-15LC UV 512K EPROM,150NS LCC 32 27C512A-15/K 
AT27C512R-15JC OTP 512K EPROM, 150NS PLCC 32 27C512A-15/L 
AT27C512R-15PC OTP 512K EPROM, 150NS PDIP 28 27C512A-15/P 
AT27C512R-15RC* OTP 512K EPROM,150NS SOIC 28 27C512A-15/SO 
AT27C512R-15TC OTP 512K EPROM, 150NS VSOP 28 27C0512A-15/VS 
AT27C512R-20DC UV 512K EPROM,200NS CERDIP 28 27C0512A-20/J 
AT27C512R-20LC UV 512K EPROM,200NS LCC 32 27C512A-20/K 
AT27C512R-20J5C © OTP 512K EPROM,200NS PLCC 32 27C512A-20/L. 
AT27C512R-20PC OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 
AT27C512R-20RC* OTP 512K EPROM,200NS SOIC 28 © 27C0512A-20/SO 
AT27HC256R-55DC UV 256K HS EPROM,55NS CERDIP 28 27HC256-55/J 
AT27HC256R-55LC UV 256K HS EPROM,55NS LCC 32 27HC256-55/K 
AT27HC256R-70DC UV 256K HS EPROM,70NS CERDIP 28 27HC256-70/J 
AT27HC256R-70LC UV 256K HS EPROM,70NS LCC 32 27HC256-70/K 
AT27HC256R-70JC OTP 256K HS EPROM,70NS PLCC 32 27HC256-70/L 
AT27HC256R-70PC OTP 256K HS EPROM,70NS PDIP 28 27HC256-70/P 
AT27HC256R-90DC UV 256K HS EPROM,90NS CERDIP 28 27HC256-90/J 
AT27HC256R-90LC UV 256K HS EPROM,SO0NS LCC 32 27HC256-90/K 
AT27HC256R-90JC OTP 256K HS EPROM,90NS PLCC 32 27HC256-90/L 
AT27HC256R-90PC OTP 256K HS EPROM,90NS PDIP 28 27HC256-90/P 
AT27HC256R-55D! UV 256K HS EPROM,55NS,IND CERDIP 28 27HC256-55i/J 
AT27HC256R-55L! OTP 256K HS EPROM,55NS,/ND PLCC 32 27HC256-55I/L 
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CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 


Atmel (Cont.) DESCRIPTION MICROCHIP P/N 


AT27HC256R-70DI 
AT27HC256R-70LI 
AT27HC256R-70JI 
AT27HC256R-70PI 
AT27LV256R-20DC 
AT27LV256R-20LC 
AT27LV256R-20JC 
AT27LV256R-20PC 
AT27LV256R-20RC* 
AT27LV256R-20TC 
AT27LV256R-25DC 
AT27LV256R-25LC 
AT27LV256R-25JC 
AT27LV256R-25PC 
AT27LV256R-25RC* 
AT27LV256R-25TC 
AT27LV256R-20D! 
AT27LV256R-20LI 
AT27LV256R-25DI 
AT27LV256R-25LI 
AT27LV512R-20DC 
AT27LV512R-20LC 
AT27LV512R-20J5C 
AT27LV512R-20PC 
AT27LV512R-20RC* 
AT27LV512R-20TC 
AT27LV512R-25DC 
AT27LV512R-25LC 
AT27LV512R-25JC 
AT27LV512R-25PC 
AT27LV512R-25RC* 
AT27LV512R-25TC 
AT27LV512R-20D! 
AT27LV512R-20L1 
AT27LV512R-25DI 
AT27LV512R-25L1 


EPROM CROSS REFERENCE GUIDE 


UV 256K HS EPROM,70NS,IND 
UV 256K HS EPROM,70NS,IND 
OTP 256K HS EPROM,70NS,IND 
OTP 256K HS EPROM,70NS,IND 
OTP 256K EPROM,3V,200NS 
OTP 256K EPROM,3V,200NS 
OTP 256K EPROM,3V,200NS 
OTP 256K EPROM,3V,200NS 
OTP 256K EPROM,3V,200NS 
OTP 256K EPROM,3V,200NS 
OTP 256K EPROM,3V,250NS 
OTP 256K EPROM,3V,250NS 
OTP 256K EPROM,3V,250NS 
OTP 256K EPROM,3V,250NS 
OTP 256K EPROM,3V,250NS 
OTP 256K EPROM,3V,250NS 
OTP 256K EPROM,3V,200NS, IND 
OTP 256K EPROM,3V,200NS, IND 
OTP 256K EPROM,3V,250NS,IND 
OTP 256K EPROM,3V,250NS, IND 
OTP 512K EPROM,3V,200NS 
OTP 512K EPROM,3V,200NS 
OTP 512K EPROM,3V,200NS 
OTP 512K EPROM,3V,200NS 
OTP 512K EPROM,3V,200NS 
OTP 512K EPROM,3V,200NS 
OTP 512K EPROM,3V,250NS 
OTP 512K EPROM,3V,250NS 
OTP 512K EPROM,3V,250NS 
OTP 512K EPROM,3V,250NS 
OTP 512K EPROM,3V,250NS 
OTP 512K EPROM,3V,250NS 
OTP 512K EPROM,3V,200NS, IND 
OTP 512K EPROM,3V,200NS, IND 
OTP 512K EPROM,3V,250NS, IND 
OTP 512K EPROM,3V,250NS, IND 


CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
CERDIP 28 
LCC 32 
CERDIP 28 
LCC 32 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
CERDIP 28 
LCC 32 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
CERDIP 28 
LCC 32 
CERDIP 28 
LCC 32 





27HC256-701/J 
27HC256-701/K 
27HC256-70V/L 
27HC256-701/P 
27LV256-20/J 
27LV256-20/K 
27LV256-20/L 
27LV256-20/P 
27LV256-20/SO 
27LV256-20/VS 
27LV256-25/J 
27LV256- 25/K 
27LV256-25/L 
27LV256-25/P 
27LV256-25/SO 
27LV256-25/VS 
27LV256-201/J 
27LV256-20V/K 
27LV256-251/J 
27LV256-25V/K 
27LV512-20/J 
27LV512-20/K 
27LV512-20/L 
27LV512-20/P 
27LV512-20/SO 
27LV512-20/VS 
27LV512-25/J 
27LV512-25/K 
27LV512-25/L 
27LV512-25/P 
27LV512-25/SO 
27LV512-25/VS 
27LV512-201/J3 
27LV512-20V/K 
27LV512-25U/J 
27LV512-25V/K 
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EPROM CROSS REFERENCE GUIDE 


COMPETITIVE PART NUMBER BREAKDOWN 


ADVANCED MICRO DEVICES 


AM27C512 -75 D C B 


Std. Process 
Bum-in 


Commercial 0°C to +70°C 
Industrial -40°C to +85°C 
Extended -55°C to +125°C 


28-lead CERDIP 

32-lead Ceramic Leadless LCC 
28-lead PDIP 

32-lead PLCC 

32-lead TSOP 


35 ns - Vcc + 10% 
45 ns - Vcc + 10% 
55 ns - Vcc + 10% 
70 ns - Vcc + 10% 
70 ns - Vcc + 5% 
90 ns - Vcc + 10% 
120 ns - Vcc + 10% 
150 ns - Vcc + 10% 
200 ns - Vcc + 10% 
250 ns - Vcc + 10% 
250 ns - Vcc + 5% 


Part Number, Densi 
C =CMOS 
HC = High Speed CMOS 
LV = 3.3V Operation (1MB and higher) 
X = Express ROM (QTP) 


TEXAS INSTRUMENTS 
TMSC512 -100 J L 4 


Std. Process 
168 Hr Burn-in 


Commercial 0°C to 70°C 
Extended -40°C to +85°C 


28-lead CERDIP 

28-lead PDIP 

32-lead PLCC 

32-lead TSOP 

32-lead Reverse Pin-out TSOP 


100 ns - Vcc + 10% 
120 ns - Vec + 10% 
150 ns - Vcc + 10% 
170 ns - Vcc + 10% 
200 ns - Vcc + 10% 
250 ns - Vcc + 10% 
100 ns - Vcc + 5% 
120 ns - Vcc + 5% 
150 ns - Vcc + 5% 
170 ns - Vcc +5% 
200 ns - Vcc + 5% 
250 ns - Vcc + 5% 


Part Number, Density 
C=CMOS 
PL = OTP CMOS 
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EPROM CROSS REFERENCE GUIDE 


COMPETITIVE PART NUMBER BREAKDOWN (CONT.) 


SGS-THOMSON 


M27C256B -80 X F 1 


Low Power 
Additional Burn-in 
Tape & Reel 


Dx 


0°C to +70°C 
-40°C to +125°C 
-40°C to +85°C 
-40°C to +105°C 


nou uo tt 


NOW 


28-lead CERDIP 
28-lead PDIP 
32-lead PLCC 
28-iead .330" SOIC 
32-lead VSOP 


=Z=oon 
oun wou 


Vcc +5% 
Vcc + 10% 


80 ns 

90 ns 

100 ns 
120 ns 
150 ns 
200 ns 
250 ns 
300 ns 


INTEL CORPORATION 


Commercial 0°C to +70°C, 168 Hr Burn in 
Extended -40°C to +85°C 
Extended -40°C to +85°C, 168 Hr Burn in 
Commercial 0°C to +70°C 


P 270256 -120V10 Q 
120 ns, Vcc + 10% 
150 ns, Vcc + 10% 


| 150V10 
r nsl 200V10 200 ns, Vcc + 10% 


(NOTE: V05 indicates Vcc + 5%) 


nou ow 


CERDIP 
PLCC 
PDIP 


Blank 
N 
P 
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EPROM CROSS REFERENCE GUIDE 


COMPETITIVE PART NUMBER BREAKDOWN (CONT.) | 





TOSHIBA CORPORATION 


TC57256A OD -12 


57 = EPROM 
54 = OTP PROM 


12 
15 
120 
150 
20 
70 
85 
Part Number, Density 
ee High Speed 


120 ns - Vcc @ + 5% 
120 ns - Vcc @ + 5% 
120 ns - Vcc @ + 10% 
150 ns - Vcc @ + 10% 
200 ns - Vcc @ + 5% 
70 ns - Vcc @ + 5% 
85 ns - Vcc @ + 10% 


CERDIP 
PDIP 
.330" SOIC 





NATIONAL SEMICONDUCTOR CORPORATION 
NM27C512 Q E 120 


100 
120 
150 
200 
te 
Q 


N 
V 


Commercial 0°C to +70°C 
Extended -40°C to +85°C 


CERDIP 
PDIP 
PLCC 





Ce aa cree ra emereeesniehanenetainansnemninenmanieemaimemennedamenanemmemamanmnmeemenmeeeteememmmmmmeneer mee mmamatencerorumsntenaa memes oreaomeieeancerene nance ee a coca 


DS11178B-page 14 
7-98 


© 1994 Microchip Technology Inc. 


EPROM CROSS REFERENCE GUIDE 





COMPETITIVE PART NUMBER BREAKDOWN (CONT.) 


HITACHI CORPORATION 


HN27C256A_ FP -IS 


Standard 
Tape & Reel 


70 ns 

85 ns 
100 ns 
120 ns 
150 ns 
170 ns 
200 ns 
250 ns 
300 ns 


28-lead CERDIP 
28-lead PDIP 
.330" SOIC 


ATMEL CORPORATION 


AT27C512R-90 D C 


ce eee 
HC = High Speed 
LV = 3.3V Operation 


A TT 
© 1994 Microchip Technology Inc. DS11178B-page 15 
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Commercial 0°C to +70°C 
Industrial -40°C to +85°C 
Military -55°C to +125°C 


28-lead CERDIP 

32-lead PLCC 

32-lead Window LCC J Lead 
28-lead PDIP 

28-lead .330" SOIC 

32-lead Window LCC 
28-lead VSOP 


4oepvuAcO =—O 


55 ns 
70 ns 
90 ns 
120 ns 
150 ns 
200 ns 
250 ns 
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COMPETITIVE PART NUMBER BREAKDOWN (CONT.) 


MICROCHIP TECHNOLOGY INCORPORATED 
27C512A -70 | /P 


CERDIP 

Ceramic Leadiess Chip Carrier 

Plastic Leaded Chip Carrier 

PDIP 

Plastic SOIC 

Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (TSOP) 8x13.4mm 


J 
K 
L 
P 
SO 
TS 
VS 


0°C to 70°C 
-40°C to 85°C 
-40°C to 125°C 


Temperature - 
Range: I 
E 


70 ns 
90 ns 
100 ns 
120 ns 
150 ns 


Access Time: 70 
90 
10 
12 
15 


Device: 27C512A 512K (64K x 8) CMOS EPROM 
T=Tape and Reel 
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MICROCHIP 


Memory Products Division 


EPROM Programming Guide 





All Microchip EPROMs should be programmed using the Express algorithm (shown on reverse side). Other algorithms 
can cause high programming fallout and even retention failures due to undue stress on the chips. This list will be updated 
as information becomes available. Programmer models and revisions shown are subject to change by the manufacturers 


at any time. 


Manufacturer 
DATA I/O 
DATA I/O 
DATA I/O 
DATA I/O 
DATA I/O 
DATA I/O 
DATA I/O 
STAG 


STAG 
ELAN 


ELAN 
EPRO 
LOGICAL DEVICES 


LOGICAL DEVICES 
LOGICAL DEVICES 
LOGICAL DEVICES 
LOGICAL DEVICES 
BYTEK 





288 
2900 
3900 
Autosite 
Unisite 
PP42 


PP39 


5000/932 
Turbo 


5000/932 
Model 124 
AllPro 88,40 


GangPro 8+ 
GangPro S 
GangPro S, 
Husky 
Multitrk-4000 


Software Rev Status 

24 or 25 Verified Express 

24 Verified Express 

1.0 Vendor specifies Express 

1.1, 1.2, 1.7 Vendor specifies Express 

1.0, 1.4 Vendor specifies Express 

1.0, 1.5 Vendor specifies Express 

3.0, 3.1, 3.2 Vendor specifies Express 

8.0 Verified close to Express, but user must manually 
select double-voltage verify 
Same 

6.02V1 Vendor specifies Express 

5.05V1 Vendor specifies Express 
User-programmable to Express 

2.2 Express AND Low Voltage Support 
No Express support for Windows version (Exar) 

1.1 Vendor specifies Express on latest releases 
Fast, Rapid only 

1.0 Vendor specifies Express on latest releases 
Fast, Rapid only 
Vendor specifies Express on latest releases 

ADAPTERS 
PLCC-to-DIP 


Emulation Technology 32-28-01-P600 


TSOP-to-DIP 
Emulation Technology AS-32-28-02TS-6ENP-GANG-S 


Emulation Technology Phone 408-982-0660, FAX 408-982-0664 


© 1994 Microchip Technology Inc. 
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Memory Products Division | 


EXPRESS ALGORITHM 


Conditions: 

Tamb = 25°C +5°C 

Vcc = 6.5 +0.25V 

VppP = 13.0 +0.25V ADDR = First Location 
Vcc = 6.5V 
VppP = 13.0V 





Verify 
Byte 


Fail 


No Yes / Device 
Failed 
Last Yes 
Address? 


No 


Increment Address 
Vcc = Vpp = 4.5V, 5.5V 


All 
Device \ Yes 
Passed 












bytes 
= original 
data? 
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SECTION 8 
LOGIC PRODUCTS 


AY0438 32-Segment CMOS LCD Diver ............::sccccccecesessssssceeececceececcccesonsceeenaaeecs 8- 1 
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T™M 


NicROCHIP AY0438 


32-Segment CMOS LCD Driver 








FEATURES 
PIN CONFIGURATION 
¢ Drives up to 32 LCD segments of arbitrary 
configuration 40-LEAD DUAL !NLINE 


e CMOS process for: wide supply voltage range, low- 
power operation, high-noise immunity, wide 


temperature range aie : pt 
¢ CMOS, NMOS and TTL-compatible inputs SEG 32 (13 SEG 2 
e Electrostatic discharge protection on all pins SEG 31 4 4 SEG 3 
* Cascadable He Shree 
¢ On-chip oscillator SEG 28 07 DATA IN 
e Requires only three control lines SEG 27 U8 SEG 4 
° Can be used to drive relays, solenoids, print head peaiage eet 
drives, etc. SEG 24 [| 11 BP 
SEG 23 C] 12 SEG6 
APPLICATIONS aoe Se07 
e Industrial displays san = ps _ 
e Consumer product displays SEG 18 SEG 11 
¢ Telecom product displays SEG 17 SEG 12 
e Automotive dashboard displays pase Sa 
SEG 15 SEG 14 
DESCRIPTION 


44 PLCC 


The AY0438 is a CMOS LSI circuit that drives a liquid 
crystal display, usually under microprocessor control. 
The part acts as a smart peripheral that drives up to 32 
LCD segments. It needs only three control lines due to 
its serial input construction. It latches the data to be 
displayed and relieves the microprocessor from the task 
of generating the required waveforms. 


The AY0438 can drive any standard or custom parallel 
drive LCD display, whether it be field effect or dynamic 


scattering; 7-, 9-, 14- or 16-segment characters; deci- a . ale 
mals; leading + or -; or special symbols. Several AY0438 see 23 C13 
devices can be cascaded. The AC frequency of the LCD 

waveforms can either be supplied by the user or gen- sec 21 (1s 
erated by attaching a capacitor to the LCD input, which sec 20 Cie 


controls the frequency of an internal oscillator. SEG 19 [17 


BLOCK DIAGRAM 








= sono 
DATAIN O-= TT 
The device also acts as a versatile peripheral, able to 
drive displays, motors, relays and solenoids within its 
Yj output limitations. 
The AY0438 is available in 40-lead dual-in-line ceramic 
32 OUTPUTS and plastic packages. Unpackaged dice are also avail- 
, BACKPLANE able. 
OUTPUT 

© 1992 Microchip Technology Inc. . DS70010H-page 1 
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PIN. DESCRIPTION 


: | ae 
3-29, 32, 33, 37-39 Seg 1-32 
30 BP 
31 LCD® 
34 Data In 
35 Data Out 
36 Vss 
40 Clock 


FIGURE 1 TIMING DIAGRAM 
1/t 


a a eee ae ae 


DATA IN 


4 
tds be——eye—bth =] 
DATAOQUT ey : 


{ t 
oop 





OPERATING NOTES 


1. 


The shift register loads, shifts, and outputs on the 
falling edge of the clock. 


2. A logic 1 on Data In causes a segment to be visible. 


. Alogic 1 on Load causes a parallel load of the data in 


the shift register into latches that control the segment 
drivers. 


. If LCD® is driven, it is in phase with the backplane 


output. 


. To cascade units, either connect backplane of one 


circuit to LCD® of all other circuits (thus one capacitor 
provides frequency control for all circuits) or connect 
LCD® of all circuits to a common driving signal. If the 
former is chosen, tie just one backplane to the LCD 
and use a different backplane output to drive the 
LCD® inputs. The data can be loaded to all circuits in 
parallel or else Data Out can be connected to Data In 
to form a long serial shift register. 


The supply voltage of the AY0438 is equal to half the 
peak driving voltage of the LCD. 


. The LCD® pin can be used in two modes, driven or 


oscillating. If LCD® is driven, the circuit will sense this 


irgiul 
Output 
Output 
Input 
Input 
Output 
Ground 
Input 


N 
= 
fe] 
uu 
cc 
uu. 
wi 
< 
a 
4 
2 
oo 


9. 





Supply voltage 


Latch data from registers 
Direct drive outputs 
Backplane drive output 
Backplane drive input 

Data input to shift register 
Data output from shift register 
Ground 

System clock input 





FIGURE 2 OSCILLATOR FREQUENCY 
GRAPH (TYPICAL @ 25°C) 


ke De 
ime oe ee 


condition and pass the LCD® input to the backplane 
output. If the LCD® pin is allowed to oscillate, its 
frequency is inversely proportional to capacitance 
and the LCD drivingwaveforms have a frequency 2° 
slower than the oscillator itself. The relationship is 
shown graphically (see Figure 2). The frequency is 
nearly independent of supply voltage. If LCD® is 
oscillating, it is important to keep coupling capaci- 
tance to backplane and segments as low as pos- 
sible. Similarly, it is recommended that the load 
Capacitance on LCD® be as large as is practical. 


. There are two obvious signal races to be avoided in 


this circuit, (1) changing Data In when the clock is 
falling, and (2) changing Load when the clock is 
falling. 


The number of a segment corresponds to how 
many pulses have occurred since its data was 
present at the input. For example, the data on SEG 
17 was input 17 clock pulses earlier. 


10. It is acceptable to tie the load line high. In this case 


the latches are transparent. Also, remote control 
would only require two signal lines: clock and Data 
In. 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


M DD i ac warasslonvteesavascesdouucevesenvetcossloescausauen -0.3V to +12V 
Inputs (CLK, Data In, Load) ............. Vcc to VoD +0.3V 
LGD®: INDUC s ocas.cinccedccctiarieaeicreess -0.3V to VoD +0.3V 
Power Dissipation ...............:ccccccccceccccecesenssneeees 250mW 
Storage Temperature .................c00000 -65°C to +125°C 


Operating Temperature Industrial ........ -40°C to +85°C 


DC CHARACTERISTICS 


Supply Voltage 


Supply Current 


Input High Level 

Input Low Level Clock, 
Data, 

input Leakage Current Load 

Input Capacitance 


LCD® Input Low Level 


LCD® Input Leakage 
Current Level 


-Clock Rate 


Data Set-up Time 


Data Hold Time 
Load Pulse Width 


Data Out Prop. Delay 


© 1992 Microchip Technology Inc. 


*Exceeding these ratings could cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
notimplied. Operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device relia- 
bility. 

Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 


Vob = +5V unless otherwise noted 
TA = -40°C to +85°C 


Conditions 


LCD® OSC < 15 kHz 
LCD® OSC < 100Hz 


3.0V < VDD < 8.5V 
3.0V < VoD < 8.5V 
Vin = OV and +5.0V 
VpbD = +5.0V 


1OH = -100NA 
lo. = 100A 


VIN = OV and +5.0V 
VoD = +5.0V 


50% duty cycle 
Data change to Clk 
falling edge 


Ci = 55pF 
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SALES AND SUPPORT 


To order or to obtain information, e€.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


AY0438 - 1/P 


Package: Plastic DIP 
PLCC 
Die in waffle pack 


Temperature 0° to 70°C 
Range: 40°C to 85°C 


ees Device: 32 Segment LCD Driver 
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SECTION 9 
DEVELOPMENT SYSTEMS AND SOFTWARE TOOLS 


DEVELOPMENT SYSTEMS: 

Microchip BBS Microchip Bulletin Board Service .0...........c.cccccscsecessssseseeesessneceeueueeeeeseeeaeens Q- 1 
Application Specific Standard Products (ASSP) Division: 

PICSEE PICSEE Product Development Tools .0.............cccesscsccsccecetececeesesssserseeeeeees 9- 3 
TrueGauge™ Intelligent Battery Management Development Tool ...............ccc cece Ge 5 


Logic Products Division: 


PICMASTER™ PICMASTER Universal In-Ciruit Emulator System 0.0.0... ccc ecceeeeceneee 9- 9 
PRO MATE™ CMOS Microcontroller Programmer Unit .0............ ccc cccsscssssecscssssseseesensees 9- 13 
PICSTART™-16B1 PIC16CXX Low-Cost Microcontroller Development System .....................9- 15 
PICSTART-16C PIC16CXX Low-Cost Microcontroller Development System .....................9- 17 
PICDEM-I Low-Cost PIC16/17 Demonstration Boat .............cccccssssssecceescesessessesseees 9g- 19 
SOFTWARE TOOLS: 

Logic Products Division: 

MPASM Universal PIC16/17 Microcontroller Assembler Software ................000e08 9- 21 
MPALC PIC16CXX Microcontroller Cross Assembler Software ..............cccccccseenee 9- 23 
MPSIM PIC16C5X and PIC16CXX Microcontroller Simulator ................c.cccceeseeneee 9- 25 
MP-C MP-C Code Development System uc ceccessessscecsesssseesuscesececeeseeseees 9- 27 
fuzzyT ECH®/MP fuzzyT ECH/MCU-MP for PIC 16/17 000.0... cc .ccccccecssccessesesetsseesseseneeseseceeenens 9- 29 





Memory Products Division: 
Total Endurance™ Serial EEPROM Endurance Model ...................:.cccccececcccccececcnsceccerscececeaes 9- 31 
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MICROCHIP BBS 





Microchip Bulletin Board Service 





Get current information and help on Microchip’s Bulletin 
Board Service (BBS)! Microchip wants to provide you 
with the best responsive service possible. To accom- 
plish this, the systems team monitors the BBS, posting 
the latest component data and software tool updates, 
providing technical help and embedded systems in- 
sights, and discussing how Microchip products provide 
project solutions. Extend your technical groups staff 
with microcontroller and memory experts through 
Microchip’s BBS communication channel. 


CONNECTING TO MICROCHIP 


Connect worldwide to the Microchip BBS using the 
Compuserve communications network. In most cases, 
a local call is your only expense. The Microchip BBS 
connection does not use Compuserve membership ser- 
vices, therefore you do not need Compuserve mem- 
bership to join Microchip’s BBS. 


The procedure to connect will vary slightly from country 
to country. Please check with your local Compuserve 
agent for details if you have a problem. Compuserve 
services allows multiple users at buad rates up to 9600. 
To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal Compuserve setting 
which is 7E1. 


2. Dial your local Compuserve phone number. 

3. Type <RETURN> and a garbage string will appear 
because Compuserve is expecting a 7E1 setting. 

4. Type +<RETURN> and Host Name: will appear. 

5. Type MCHIPBBS<RETURN?> and you will be con- 


nect to the Microchip BBS. 


To learn Compuserve’s phone number closest to you, 
set your modem to 7E1, and dial (800) 848 8980, and 
follow Compuserve's directions. If you are dialing from 
overseas, you may call 614-457-1550 for voice informa- 
tion. 


Connect without charge to the bulletin board. However, 
you are responsible for your phone charges. Access is 
available to all, but users are required to register the first 
time they “log in.” No registration fees are required at this 
time. 


USING THE BULLETIN BOARD 


The Microchip Bulletin Board is a multi-faceted tool. 
Topic information includes: 


e Special Interest Groups 
Files 

Mail 

Bug lists 

Technical assistance 

¢ Consultant Directory 


Special Interest Groups 


Special Interest Groups, or SIGs, offer you the opportu- 
nity to discuss technical issues and topics with other 
users. Take advantage of the Microchip usercommunity’s 
broad background to glean information not available by 
any other method. 


S!Gs exists for most Microchip systems, including: 


e¢ PIC16/17-SW e ENDURANCE 

e PICMASTER e MEMORY PRODUCTS 
¢ PRO MATE™ e BUGS 

¢ UTILITIES e APP NOTE 


These groups are moderated by Microchip staff. 
Files 


The Microchip Systems BBS is used regularly to distrib- 
ute bug reports, history files, and interim patches for 
Microchip software products. 


Users can contribute files for distribution on the BBS. 
These files will be monitored, scanned, and approved or 
disapproved by the SIG moderator. No executable files 
are accepted from the user community in general. 


The BBS can be used to distribute mail to other users of 
the service. 


This is an excellent way to get questions answered by 
the Microchip staff, as well as to keep in touch with fellow 
Microchip product users worldwide. 


The BBS is an evolving product intended to serve your 
needs. We welcome your ideas and input. Consider ° 
mailing a message to your SIG moderator, or to the 
SYSOP, if you have ideas or questions about particular 
Microchip products, or BBS operation. . 


© 1994 Microchip Technology Inc. 
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PICSEE™ TOOLS 





PICSEE Product Development Tools 





INTRODUCTION 


The PICSEE Development Systems provide the product 
development engineer with cost effective and timely 
design tool solutions for the MTA8XXXX family of 8-bit 
CMOS microcontrollers with serial EEPROM. They are 
designed specifically for the MTA8XXXX family. These 
tools work in conjunction with existing hardware and 
software design tools for the PIC16CXX microcontroller 
family. This allows the development engineer to effi- 
ciently implement systems utilizing these multichip mod- 
ules with a minimal learning curve and capital invest- 
ment. 


PICSEEKIT — P/N AC812001 


e Supports MTA81010 

Programming Adapters for PDIP and SOIC 
packages 

Daughter card for PICPROBE-16A 

l20™ bus Serial Communication Application 
Software 


FIGURE 1- PICSEE™ INTRODUCTION DESIGN KIT 





I?C is a trademark of Philips. 
MS-DOS is a registered trademark of Microsoft Corp. 


© 1994 Microchip Technology Inc. 


Preliminary 


This kit is supports the MTA81010 multichip module. It 
contains programming adapters, a PICMASTER™ emu- 
lator daughter board and MTA81010 product samples in 
28-lead PDIP. Also included is an M-DOS®, PC-compat- 
ible 3.5-inch software diskette that contains example 
source code for implementing the I?C serial bus protocol 
to communicate with a Serial EEPROM. Documentation 
is provided for all of the included hardware and software. 


Programming Support 


Two programming adapters are provided to allow the 
MTA81010's internal program EPROM as well as it’s 
data EEPROM to be programmed on existing program- 
mers. Any programmer that supports Microchip’s 
PIC16C54 can program the MTA81010's internal 
EPROM. Also, any programmer that supports Microchip’s 
24LC01B Serial EEPROMcan program the MTA81010's 
internal Serial EEPROM. There is one adapter for 
MTA81010's in DIP packages and another for SOIC 
packages. Both DIP and SOIC programming adapters 
interface to programmers via a 300 mil DIP header. 


Description of Contents 


PICSEE PDIP and SOIC to 
PIC16C54 or 24LC01B Programming 
Adapter Sockets 

Header Interface for PICMASTER-16A 
and PICPROBE-16A 

Serial EEPROM Example Software 
Disk 

MTA81010 Product Samples 

8- and 18-Pin Programming Adapter 
Plugs 

Complete Systems Documentation 
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PICSEE TOOLS 








Emulation Support 


The emulator daughter board allows the developer to 
use Microchip’s PICMASTER in-circuit emulator to emu- 
late the MTA81010 Microcontroller with Serial EEPROM. 
This daughter board replaces Microchip’s PIC16C5X 
Emulator Probe Header (P/N AC 162009) emulator probe 
to support the MTA81010. The daughter board provides 
the required translation from a PIC16C54 pin out to the 
MTA81010 pin out. It also contains a discrete 24LC01B 
Serial EEPROM to provide the same functions as the 
MTA81010's internal EEPROM. This provides a cost- 
effective emulation solution to customers who may wish 
to purchase a PICMASTER in-circuit emulator or those 
that already have a PICMASTER. 


Software Support 


Example source code for I2C Bus communication with a 
serial EEPROM is included in the PICSEE. This pre- 
tested code can be used directly or modified by the 
developer to meet their specific needs. This example 
code is provided royaity free and license free. 


FIGURE 2- PICSEESTART™ DEVELOPMENT KIT 


SALES AND SUPPORT 


PICSEESTART — P/N DV813001 


¢ Complete Low-Cost Development Solution for 
MTA81010 | ey 

e Combines PICSEEKIT AC812001 and PICSTART | 

DV163001 

MPALC Assembler 

MPSIM Simulator 

Low-Cost Programmer 

Programming Adapter Sockets 

2C Bus Applications Software 


This kit combines the PICSEEKIT (P/N AC812001) with 
aPICSTART™ (P/N DV163001) to form a complete low- 
cost development system for the MTA81010 multichip 
module. It is designed to support the MTA81010 during 
the software development and initial prototype phases 
of new product development. It contains tools for 
software development and debugging, as well as pro- 
grammer for programming the MTA81010's internal 
EPROM program memory. Fora more detailed descrip- 


— 2h. FRI PRP rms sir PLM APLAR 


tion, piease refer io ine PICSEEKIT P/N AC8&i2001 and | 
PICSTART P/N DV163001 product descriptions. 


Description of Contents 


PICSEE PDIP and SOIC to 

PIC16C54 or 24LC01B 

Programming Adapter Sockets 
Header Interface for PICMASTER-16A 
and PICPROBE-16A 

Serial EEPROM Example Software 
Disk 

MTA81010/PIC16CXX Product Samples 
PIC16CXX Device Programmer Board 
PIC16CXX Assembler, Simulator and 
Host Software 

8- and 18-Pin Programming Adapter 
Plugs 

Complete Systems Documentation 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices. 


PART NUMBER 
AC812001 
DV813001 


DESCRIPTION 
PICSEEKIT FOR MTA81010 
PICSEESTART FOR MTA81010 
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TrueGauge™ Intelligent Battery Management Development Tool 





INTRODUCTION 


The MTA11200 TrueGauge Intelligent Battery Manage- 
ment IC is supported by a user friendly tool for system 
development. The DV114001 operates under Microsoft 
Windows®. This development tool enables for manage- 
ment of all phases of product development, including 
inception, debugging and maintenance. System design 
verification can be accomplished before a hardware 
prototype needs to be built, thus reducing time and cost. 
The user interface provides a graphically-oriented de- 
velopment environment. The data logging feature saves 
measured data into a file that can be imported to Excel’. 


FIGURE 1 - TRUEGAUGE DEVELOPMENT 
TOOL KIT 





TrueGauge is a trademark of Microchip Technology Inc. 





SUMMARY OF FEATURES 


The TrueGauge development tool is a tool for system 
development under Windows. The development tool kit 
contains the following: 

e NiCd battery with TrueGauge module 

¢ NiMH battery with TrueGauge module 

e Stand-alone TrueGauge module 

e Charger/Discharger Interface Board 

e Universal Power Supply with power cord 

e PC Interface Cable with DB9-DB25 converter 

¢ Design/Verification software on a 3.5" diskette 

e MTA11200 and 24LC01B product samples 

¢ MTA11200 Datasheet 

¢ TrueGauge Development Tool User’s Guide 


Battery status information is plotted on the computer 
allowing for the real-time monitor of battery management 
parameters (see Figure 2). 


FIGURE 2 - CAPACITY/VOLTAGE OVER TIME 


CAPACITY / VOLTAGE ys. TIME 


een 
wen 


. eee en nee en tee nnn n no nnn enn nn en een nnn Penne s Seen srr n cor neeee nat 


a nn 


WG2t:14 16:19:22 16:16:37 16:14:47 16:12:45 = 16:10:23 §— 16:08:42 = 16:07:00 §=— 16:05:19 16:03:16 
16:20:13 16:18:22 16:15:47 16:13:48 «16:11:14 16:09:32 16:07:51 = 16:06:10» 16:0407 = 16-02:26 
Capacity in Percent (red, solid) and Voltage (black, dashed) 


Microsoft Windows and Excel are registered trademarks of Microsoft Corporation. 


© 1994 Microchip Technology Inc. 
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Parameters can be changed easily and downloaded to 
the TrueGauge module (see Figures 3 and 4). 


FIGURE 3 . CONFIGURATION CONTROL PANEL 


“Nominal Battery Capacity “ 


. + 1800 milliamp-hours as 





oe of ines Voltage 


FIGURE 4 - ADVANCED CONFIGURATION DISPLAY 


ae REPINTRVL. & REPMODE: Broadcast Interval: 


_ Interval 


rLeD eae ———— = 1T Broadcast Data Select ie 


‘|| Open 10% Levels | 
Le @ Discrete 20% Levels 


| UserValue #4 
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System design verification can be accomplished before 
hardware implementation (see Figures 6, 7 and 8). 


FIGURE 5 - TRUEGAUGE VOLTAGE AND CAPACITY VS. TIME 
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TRUEGAUGE™ 





FIGURE 7 - CURRENT VS. TIME 








A data logging feature saves measured data into a file 
that can be imported to Microsoft Excel (see Figure 8). 


FIGURE 8 - EXAMPLE OF DATA LOG FILE 


22:39:13 
22:39:15 
22:39:23 
22:39:34 
22:39:44 
22:39:55 
22:40:04 
22:40:14 
22:40:25 


23.88281 
23.88672 
23.90234 
23.92188 
23.9375 
23.95313 
23.96484 
23.96875 
23.98047 





Time Remaining | Voltage | Temperature (C) Total Flag_byte/ Error_byte 
Capacity (%) | Capacity (mA-Hr) 
647 


0 
0 
0 
0 
0 
0 
0 
0 
0 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices. 






PART NUMBER | DESCRIPTION 
DV114001 TRUEGAUGE DEVELOPMENT TOOL 
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MICROCHIP 








PICMASTER™ System 











PICMASTER Universal In-Circuit Emulator System 


SYSTEM FEATURES 


General: 


Complete Hi-Performance PC-based Microcontroller 
Development System for the PIC16/17 families. 


For use on PC-compatible 286, 386, and 486 ma- 
chines under Microsoft Windows® 3.X environment. 


Assembler Software, Emulator System, and EPROM 
Programmer unit, sample kit, and demonstration hard- 
ware and software provide acomplete microcontroller 
product development environment. 


Emulator System: 


Hi-Performance In-Circuit Emulation of Microchip Mi- 
crocontrollers. 


Real-time instruction emulation. 
Single and Multiple instruction step execution. 


Program Memory emulation and memory mapping 
capability up to 64K words. Instruction execution can 
be mapped into either emulation memory or user 
prototype memory. 


PICMASTER is a trademark of Microchip Technology Inc. 
Windows is a registered trademark of Microsoft Corp. 


© 1994 Microchip Technology Inc. 


Real-time trace memory capture of 40 bits of informa- 
tion for each instruction cycle in an 8Kx40 trace buffer. 
Trace region can range from 0 to 64K in any address 
combinations. 


Real-time trace data can be captured and displayed 
without halting emulation. 


Unlimited number of hardware breakpoints can be set 
anywhere in the program memory. 


External Break with “AND’/"OR’ capability with inter- 
nal breakpoints. 


Multiprocessor emulation capability. Up to eight 
PICMASTER emulators can be synchronized on a 
single PC, for multi-processor development. 


Extended 48-bit cycle counter. 
Trigger Output available on any range of addresses. 


Full Symbolic Debug Capability. Symbolic display and 
alter of all register files, special purpose registers, 
stack registers, and bank registers. 


Selectable Internal Emulator Clock or User Target 
(Prototype) System Clock. 


User selectable internal or external Power Supply 
(provided). 
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PICMASTER Development System 





EPROM Programmer System: 


¢ PRO MATE™ Device Programmer unit for all current 
PIC16/17 products. 

¢ Operates as a Stand-alone Unit or in Conjunction with 
a PC-compatible host system. 

¢ Performs READ, PROGRAM, and VERIFY functions 
in Stand-alone mode. 

¢ PCHost Software provides file display and editing, file 
transfer to and from programmer unit, device serial- 
ization, and program voltage calibration. 


Macro Assembler: 


e Provides translation of Assembler source code to 
object code for the PIC16/17 family of microcon- 
trollers. 


e Macro-assembly andconditional assembly capability. 


Produces Object files, Listing files, Symbol files, and 
special files required for symbolic debug with the 
PICMASTER Emulator System. 


e¢ Binary / Hex output formats: INHX8S, INHX8M, 
INHX16, and PICMASTER. 


Demo Board: 


The PICDEM-! Demostration Board provides a user with 
a simple hardware tool through which software can be 
exercised and debugged. A step-by-step tutorial en- 
ables first-time users of PICMASTER to become familiar 
with all the features of the emulator. A generous 
prototype area (200 holes) allows the user to build 
additional hardware for their project. 


SYSTEM DESCRIPTION 


The PICMASTER Universal In-Circuit Emulator System 
is intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16/17 family. The 
PICMASTER system currently supports the PIC16C54, 
PIC16C55, PIC16C56 and PIC16C57 at clock frequen- 
cies of 4 MHz; the PIC16C64, PIC16C71, PIC16C74, 
PIC 16C84 to 10 MHz; and the PIC17C42 at 4 MHz. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new microcontroller 
architectures with data and program memory paths to 16 
bits. 


The Emulator System is designed to operate on low-cost 
PC-compatible machines ranging from 286-AT® class 
ISA-bus systems through the new 486 EISA-bus ma- 
chines. The development software runs in the Microsoft 


Windows 3.X% environment, allowing the onerator ac- 


Ne pr wrt ewe 


cess to a wide range of supporting software and acces- 
sories. 


Provided with the PICMASTER System is a high perfor- 
mance, real-time In-Circuit Emulator, a microcontroller 
programmer unit, a macro assembler program, anda 
simulator program. Sample programs are provided to 
help quickly familiarize the user with the development 
system and the PIC16/17 microcontroller families. 


Coupled with the user's choice of text editor, the system 
is ready for development of products containing any of 
Microchip's microcontroller products. 


A “Quick Start" Product Sample Pak containing user 
programmable parts is included for additional conve- 
nience (only devices supported by the probe header). 


Microchip provides additional customer support to de- 
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS system. 


5V de In-Line 
Power Supply | 90-250 VAC 
(Optional) 


Power Switch 
Power Connector 


Common Interface Card 
PC Compatible Computer 
(AT/ASA Bus) (for Industry Standard Architecture) 


PRO MATE is a trademark of Microchip Technology Inc. 
AT is a registered trademark of IBM Corp. 


PC-—Interface 





PICMASTER Emulator Pod 





Interchangeabie 
Emulator Probe 


Sar 
Nien 
ee, ee 


Probes Va OX 
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| PICMASTER Development System 


Host System Requirements: 


The PICMASTER has been designed as a real-time 

emulation system with advanced features generally 

found on more expensive development tools. The AT 

platform and Windows 3.X environment was chosen to 

best make these features available to you the end user. 

To properly take advantages of these features, 

PICMASTER requires installation on a system having 

the following minimum configuration: 

e PC/AT-compatible machine: 286, 386SX, 386DX, or 
486 with ISA or EISA Bus. 

¢ EGA, VGA, 8514/A, Hercules graphic card (EGA or 
higher recommended). 

¢ MS-DOS®/ PC-DOS version 3.1 or greater. 

Microsoft® Windows version 3.0 or greater operating 

in either standard or 386 enhanced mode). 

1 Mbyte RAM (2 Mbytes recommended). 

One 3.5" floppy disk drive. 

Approximately 10 Mbytes of hard disk (1 Mbyte 

required for PICMASTER, remainder for Windows 

3.X system). 

One 8-bit PC/AT (ISA) I/O expansion slot (half size) 

Microsoft® mouse or compatible (highly recom- 

mended). 


Emulator System Components: 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


¢ Host-Interface Card: The PC Host Interface Card 
connects the emulator system to a PC compatible 
system. This high-speed parallel interface requires 
a single half-size standard AT / ISA slot in the host 
system. A 37-conductor cable connects the inter- 
face card to the external Emulator Control Pod. 


Emulator Control Pod: The Emulator Control Pod 
contains all emulation and control logic common to 
all microcontroller devices. Emulation memory, trace 
memory, event andcyclie timers, and trace/breakpoint 
logic are contained here. The Pod controls and 
interfaces to an interchangeable target-specific emu- 
lator probe via a 14" precision ribbon cable. 


Target-specific Emulator Probe: A probe specific 
to microcontroller family to be emulated is installed 
on the ribbon cable coming from the control pod. 
This probe configures the universal system for emu- 
lation of a specific microcontroller. Currently, the 
PIC16C5X family, PIC16CXX family, and the 
PIC17C42 microcontrollers are supported. Future 
microcontroller probes will be available as they are 
released. 


Microsoft and MS-DOS are registered trademarks of Microsoft Corp. 


=| ___ PICMASTER-DNCEWIMDDEDEMO.0B) =| =] 
EBS Sots ate Sen Be bev. 
fa Trace Memory Dump 14] 
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PC Host Emulation Control Software: Host software 
necessary to control and provide a working user inter- 
face is the last major component of the system. The 
emulation software runs in the Windows 3.X environ- 
ment, and provides the user with full display, alter, and 
control of the system under emulation. The Control 
Software is also universal to all microcontroller fami- 
lies. 


The Windows 3.X System is a multitasking operating 
system which will allows the developer to take full 
advantage of the many powerful features and functions 
of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DDE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or data- 
base program for further analysis. 


Under Windows 3.X, up to eight PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and 
a PIC17CXX processor). 


PRO MATE Device Programmer: 


The PRO MATE Programmer system included in the 
PICMASTER Development System provides the product 
developer with the ability to program (transfer) the 
developer's software into PIC16/17 microcontrollers. 


The programmer unit comes complete with accessories 
for use with a PC host computer. Supplied are interface 
cables and connectors to a standard PC serial port , a 
power supply unit, and host operating software. 


The PRO MATE Programmer will work in either stand- 
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 


a i PP hi SE SY aS PPA 2 PS PRR SSS a Se SS SPSS SS A PP AE SIE 
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STAND-ALONE MODE 


Stand-alone mode is useful in situations where a PC 
may not be available or even required, such as in the 
field or in a lab production environment. In stand-alone 
mode the following programming functions are avail- 
able: | 


VERIFY 


VERIFY preforms two functions. For a programmed 
part, the device in the programming socket will be 
compared to the program data stored ininternalmemory. 
If the data and fuse settings are correct, VERIFIED will 
be displayed. VERIFY will also confirm that erased parts 
are blank. A device in the socket will display ERASED if 
all programmable locations are blank. 


PROGRAM 


In stand-alone mode, devices inserted into the program- 
mer socket will be programmed with data currently 
stored in memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success- 
tuiiy, PGM OKAY will be dispiayed. 

READ 


A pre-programmed device placed in the programmer 
socket can be read into the programmer unit by pressing 
the READ key. Program and fuse data will be read and 
stored into internal memory. Various options exist with 
the READ function. 


HOST CONN DE 


When the PRO MATE isconnected to a host PC system, 
many more options and conveniences are available to 
the user. Host mode allows full interactive control over 
the PRO MATE unit. A full screen, user-friendly. software 
program is provided to fully assist the user. 


As in stand-alone mode, parts may be Read, Pro- 
grammed, Blank checked, and Verified. Also, all fuses 
and ID locations may be specified. In addition, other 
features available in host-mode are: — 




















SALES AND SUPPORT 


factory or the listed sales offices. 
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PICMASTER Development System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 


PART NUMBER DESCRIPTION 

EM167007 Complete PICMASTER-16A System for PIC16C5X 

EM167010 _ Complete PICMASTER-16A System for PIC16C5X without Programmer 
EM167011 Complete PICMASTER-16B System for PIC16C71 

EM167012 Complete PICMASTER-16B System for PIC16C71 without Programmer 
EM167013 Complete PICMASTER-16C System for PIC16C84 

EM167014 Complete PICMASTER-16C System for PIC16C84 without Programmer 
EM167017 Complete PICMASTER-16E System for PIC16C64 

EM167018 Complete PICMASTER-16E System for PIC16C64 without Programmer 
EM167019 Complete PICMASTER-16F System for PIC16C74/C73 

EM167020 Complete PICMASTER-16F System for PIC16C74/C73 without Programmer 
EM177001 Complete PICMASTER-17 System for PIC17C42 

EM177004 


Complete PICMASTER-17 System for PIC17C42 without Programmer 


Editing | 

A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com- 
plete program and fuse data can be loaded and saved to 
DOS disk files. Files generated by the Assembler pro- 
gram are directly loadable into programmer memory. 


Vop and Vep Adjust 


The programming environment voltage settings of VoD 
max, VDD min, and Vpp can be set and altered only on PC 
host mode. The voltage settings allow the user to pro- 
gram the part in the environment that the part will be 
used. The part will be programmed at VDD max and 
verified at VoD min. VPP is the programming voltage. 


PICMASTER PROBE Specifications 


Table 1 shows the current probe specifications for the 
PICMASTER In-Circuit Emulator. The devices are 
supported regardless of program memory type (ROM, 
EPROM or EEPROM), process technology or voltage 
range. That is, selecting the PROBE that supports the 
PIC16C54 (-16A) also supports the PIC16CR54, 
PIC16C54A and the PIC16LC54A devices. The probe 
would also support other variations as they become 
available (such as PIC16CR54A). 


TABLE 1: PICMASTER PROBE 
SPECIFICATIONS 


PROBE 
PICMASTER Devices Maximum Operating 
PROBE Supported (Frequency Voltage 
PROBE - 16A | PIC16C54, 4.5V - 5.5V 
PIC16C55, 
PIC16C56, 
and PIC16C57 


PROBE - 16B | PIC16C71 10MHZ | 4.5V-5.5V 
PROBE - 16C | PIC16C84 10MHZ | 4.5V-5.5V 


PROBE - 16D | PIC16C54, 4.5V - 5.5V 
PIC16C55, 
PIC16C56, 
i PIC16C57, 
and PIC16C58 

















































PROBE - 16E | PIC16C64 10 MHZ 4.5V - 5.5V 
PROBE - 16F | PIC16C74 10 MHZ 4.5V - 5.5V 
PROBE-17A| PICt7C42___| 16MHZ | 45V-5.5V 
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PRO MATE™ 








CMOS Microcontroller Programmer Unit 








SYSTEM FEATURES 


EPROM Programmer System: 


e PRO MATE Programmer unit for the PIC16CXX, 
PIC17CXX Microcontroller family. 


e Operates as a Stand-alone Unit or in Conjunction 
with a PC Compatible host system. 


e READS, PROGRAMS, and VERIFIES in Stand- 
alone mode. 


e PC Host Software provides file display and editing, 
and transfer to and from Programmer unit 


e Communication Via RS-232 





PRO MATE is a trademark of Microchip Technology Inc. 


SYSTEM DESCRIPTION 


PRO MATE Programmer: 


The PRO MATE Programmer system provides the 
product developer with the ability to program user 
software into PIC16CXX, PIC17CXX CMOS microcon- 


trollers. 


The programmer unit comes complete with accessories 
to be used with the PC host computer. Supplied are 
interface cables and connectors to a standard PC serial 
port, a universal input power supply unit, and host 
operating software. 


The PRO MATE Programmer will work in either stand- 
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 
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CMOS Microcontroller Programmer Unit 


STAND-ALONE MODE 


Stand-alone mode is useful in situations where a PC 
may not be available or even required, such as in the 
field or in a lab production environment. In stand-alone 
mode the following programming functions are avail- 
able: 


VERIFY 


VERIFY performs two functions. For a programmed 
part, the device in the programming socket will be 
compared to the program data stored in internal memory. 
If the data and fuse settings are correct, VERIFIED will 
be displayed. VERIFY will also confirm that erased parts 
are blank. A device in the socket will display ERASED if 
all programmable locations are blank. 


PROGRAM 


In stand-alone mode, devices inserted into the program- 
mer socket will be programmed with data currently 
stored in memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success- 
fully, PGM OKAY will be displayed. 


READ 


A pre-programmed device placed in the programmer 
socket can be read into the programmer unit by pressing 
the READ key. Program and fuse data will be read and 
stored into internal memory. Various options exist with 
the READ function. 


SALES AND SUPPORT 


PC HOST CONNECT MODE 


The PRO MATE provides a very user friendly user 
interface which allows ee control over the pro- 
gramming session. 


The PRO MATE host software is a DOS windowed 
environment with full mouse support to allow the user to 
point and click when entering commands. 


The Host Software communicates with the PRO MATE 
via the serial port of the PC. Any of the four (COM 1-4) 
ports may be used. The communication is done at 
19200 baud to insure fast throughput. Communication 
will be established with the PRO MATE Device Program- 
mer prior to any transfers taking place. 


Serialization is done by generating a serialization file, 
and then using that file to serialize locations in the PIC 
microcontroller. Once a serialization file is generated, it 
may be used over different programming sessions. 
Serial numbers are automatically marked as used when 


a PIC is programmed successfully with that serial num- 


har 
Wut. 


Complete control over the programming environment is 
also provided. Control over the programming and verify 
voltage of Vdd insures that the Microcontroller will per- 
form in the desired environment. Programming (Vpp) 
voltage is also adjustable to insure complete compatibil- 
ity with future programming algorithms. 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 


SOCKET PART NUMBER DESCRIPTION 


AC164001 
AC164002 
AC164003 
AC164010 
AC164011 
AC164012 
AC164013 
AC164014 
AC174001 
AC174002 
AC174003 


PROGRAMMER PART NUMBER 


PG007001 
PG007002 


PIC16C54 thru C57 18 & 28 Lead PDIP atist Module 
PIC16C54 thru C57 18 & 28 Lead SOIC Socket Module 
PIC16C54/56 20 lead SSOP Socket Adaptert 
PIC16C71/84 18 Lead PDIP/SOIC Socket Module 
PIC16C55/57 28 Lead SSOP Socket Adaptert 
PIC16C64/C74 40 Lead PDIP Socket Module 
PIC16C64/C74 44 Lead PLCC Socket Module 
PIC16C64/C74 44 Lead PQFP Socket Adaptert 
PIC17C42 40 Lead PDIP Socket Module 

PIC17C42 44 Lead PLCC Socket Module 

PIC17C42 44 Lead QFP Socket Module 


DESCRIPTION 
Programmer Kit as described above 
Programmer Kit without power supply 


Socket modules are sold separately. 


t This item is a socket adapter. When using this adapter, a PDIP socket module is also required. 
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PIC16CXX Low-Cost Microcontroller Development System 








SYSTEM FEATURES e Macro-Assembly capability. 
¢ Provides Object files, Listing files, Symbol files, and 

EPROM Programmer System: special files required for symbolic debug with the 
¢ EPROM Programmer unit for the PIC16C5X and PIC16CXX Emulator System. 

selected PIC16CXX Microcontroller family mem- ¢ Output formats: INHX8S, INHX8M and INHX16. 

bers. Supports PIC16C54, PIC16C55, PIC16C56, ' 

PIC16C57, PIC16C71, PIC16C84. Simulator: 
¢ Operates with a PC-compatible host system. e Instruction-level Simulator of the PIC16CXX 
: sees PROGRAMS, and VERIFIES EPROM microcontroller product family. 

emory. e 


For PC-compatible systems running the MS-DOS® 
operating system. 
e Full screen simulation user interface. 


e PC Host Software provides file display and editing, 
and transfer to and from Programmer unit. 
e Universal power supply 


° RS232 interface cable ¢ Symbolic debugging capability. 

¢ Universal power plug adapters e I/O stimulus input capability. 

Macro Assembler: "Quick Start" Sample Kit: 

° Provides translation of Assembler source code to ¢ Provides the User / Developer with a sample kit of 
object code for all PIC16CXX microcontroller PIC16CXxX parts for initial prototype use. 


product family. 





PICSTART is a trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 
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PIC16CXX PICSTART System | | 


SYSTEM DESCRIPTION 


The PICSTART-16B1 Development System provides 
the product development engineer with an alternative 
low-cost introductory microcontroller design tool set for 
the PIC16CXX family where full real-time emulation is 
not required. The equipment in the PICSTART-16B1 
system operates on any PC compatible machine run- 
ning the MS-DOS/PC-DOS operating system. 


Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, anda macro assembler program (MPALC). 


Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX micro- 
controller line. 


The user need only provide his or her own preferred text 
editor and the system is ready for development of end 
products using the PIC16C54, PIC16C55, PIC16C56, 
PIC16C57, PIC16C71 or PIC16C84 microcontrollers. 


A "Quick Start" PIC16CXX Product Sample Pak contain- 
ing user programmable parts is also included. 


Microchip provides additional customer support to de- 
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS. 


PICSTART-16B1 Development Programmer: 


The Microchip device programmer system included in 
the PICSTART-16B1 Development System provides 
the product developer with the ability to program user 
software into PIC16CXX EPROM microcontrollers. Itis 
designed to be a development programmer and not 
recommended for use in a production environment. — 


The programmer unit connects to a standard PC serial 
port. 


A full screen, user-friendly software program is provided 
for full interactive control over the programmer. Parts 
may be Read, Programmed, Blank checked and Veri- 
fied. Also, all fuses and ID locations may be specified. 


A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com- 
plete program data can be loaded and saved to DOS 
disk files. Files generated by the MPALC Assembler 
program are directly loadable into programmer memory. 


_SALES AND SUPPORT 





listed sales offices. 
' PARTNUMBER 


DV163003 


MS-DOS is a registered trademark of Microsoft Corp. 


MPSIM Simulator: 


The MPSIM Simulator program provides the developer 
with an instruction and limited I/O simulator software 
program for debugging PIC16CXX assembler code. | 


The simulator is meant for use with smaller projects not 
requiring precise more extensive development equip- 
ment. Since the PIC16CXX architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications can be developed by using a simulator 
program alone. 


The MPSIM Simulator has the following features to 
assist in the debugging of software/firmware for the 
user. 


Program Load/Save 


Commands exist to load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 


Disnlay & Alter 


Provisions are made to display and alter Program 
Memory, Register Files, and status register bits. Also 
simulator information such as cycle times, elapsed time, 
and step count can be displayed. 


Utility Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurances of instructions, register use, and ASCII data. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci- 
fied address ranges. 


Symbolic Debugging 


The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be 
displayed. New symbols defined and unwanted symbols 
deleted. 


Execution and Trace 


During program execution, address ranges, registers, 
register contents, and others can be traced. 


Breakpoints 


The user may specify up to 512 breakpoints at any one 
time. 







To order or to obtain information, e.g., on the pricing or delivery, please use the listed part number, and refer to the 


DESCRIPTION 
PICSTART-16B1 DEVELOPMENT SYSTEM 
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PIC16CXX Low-Cost Microcontroller Development System 














SYSTEM FEATURES * Macro-Assembly capability. 
¢ Provides Object files, Listing files, Symbol files, and 
EPROM Programmer System: special files required for symbolic debug with the 
¢ EPROM Programmer unit for the PIC16CXX PIC16CXX Emulator System. 
Microcontroller family. Supports the PIC16C64 and ¢ Output formats: INHX8S, INHX8M and INHX16. 
the PIC16C74. : 
¢ Operates with a PC-compatible host system. Simulator: 
¢ READS, PROGRAMS, and VERIFIES EPROM e Instruction-level Simulator of the PIC16CXX 
Memory. microcontroller product family. 
¢ PC Host Software provides file display and editing, - 


For PC-compatible systems running the MS-DOS® 
and transfer to and from Programmer unit. 


e Universal power supply operating system. 
¢ RS232 interface cable e Full screen simulation user interface. 


e Universal power plug adapters * Symbolic debugging capability. 
e 1/O stimulus input capability. 


"Quick Start" Sample Kit: 


Macro Assembler: 
e Provides translation of Assembler source code to 


object code for all PIC16CXX microcontroller ¢ Provides the User / Developer with a sample kit of 
product family. the supported PIC16CXX parts for initial prototype 
use. 





PICSTART is a trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 
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PIC16CXX PICSTART System 


PICIOCAX PICSTART System 


SYSTEM DESCRIPTION 


The PICSTART-16C Development System provides the 
product development engineer with an alternative low- 


cost introductory microcontroller design tool set for the - 


PIC16CXX family where full real-time emulation is not 
required. The equipment in the PICSTART-16C system 
operates on any PC compatible machine running the 
MS-DOS/PC-DOS operating system. 


Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, anda macro assembler program (MPASM). 


Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX micro- 
controller line. 


The user need only provide his or her own preferred text 
editor and the system is ready for development of end 
products using the PIC16C64 or the PIC16C74. 


A "Quick Start" PIC 16CXX Product Sample Pak contain- 
ing user programmable parts is also included. 


Microchip provides additional customer support to de- 
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS. 


PICSTART-16C Development Programmer: 


The Microchip device programmer system included in 


the PICSTART-16C Development System provides the 
product developer with the ability to program user soft- 
ware into PIC16CXX EPROM microcontrollers. It is 
designed to be a development programmer and not 
recommended for use in a production environment. 


The programmer unit connects to a standard PC serial 
port. , 

A full screen, user-friendly software program is provided 
for full interactive contro! over the programmer. Parts 
may be Read, Programmed, Blank checked, and Veri- 
fied. Also, all fuses and ID locations may be specified. 


A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com- 
plete program data can be loaded and saved to DOS 
disk files. Files generated by the MPASM Assembler 
program are directly loadable into programmer memory. 


SALES AND SUPPORT 





MPSIM Simulator: 


The MPSIM Simulator program provides the developer 
with an instruction and limited 1/O simulator software 
program for debugging PIC16CXX assembler code. 


The simulator is meant for use with smaller projects not 
requiring precise more extensive development equip- 
ment. Since the PIC16CXX architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications can be developed by using a simulator 


program alone. 


The MPSIM Simulator has the following features to 
assist in the debugging of software/firmware for the 
user. 


Program Load/Save 


Commands exist to load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 


Disnlav & Alter 
r 


Provisions are made to display and alter Program 
Memory, Register Files, and status register bits. Also 
simulator information such as cycle times, elapsed time, 
and step count can be displayed. 


Utility Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurances of instructions, register use, and ASCIl data. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci- 
fied address ranges. 

Symbolic Debugging 


The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be 
displayed. New symbols defined and unwanted symbols 
deleted. 


Execution and Trace 


During program execution, address ranges, registers, 
register contents, and others can be traced. 


Breakpoints 


The user may specify up to 512 breakpoints at any one 
time. 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 


listed sales offices. 
PART NUMBER 


DV163002 





MS-DOS is a registered trademark of Microsoft Corp. 


DESCRIPTION 
PICSTART-16C DEVELOPMENT SYSTEM 
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MICROCHIP 


_PICDEM-I 





Low-Cost PIC16/17 Demonstration Board 





PRODUCT INFORMATION 


The PICDEM-I is a simple board which demonstrates 
the capabilities of several Microchip’s microcontrollers. 
The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58), PIC16C71, PIC16C84 and 
PIC17C42. All necessary hardware is included to run 
basic demo programs, which are supplied on a 3.5" disk. 
The users can program the samples (one each of 
PIC17C42, PIC16C71 and PIC16C55) provided with the 
PICDEM-I, on a PRO MATE™ or PICSTART™ pro- 
grammer and easily debug/test the sample code, or the 
user can connect the PICDEM-I with the PICMASTER 
emulator and download the sample code to the emulator 
and debug/test the code. Additionally, a generous 200- 
hole prototype area is available for the user to build 
some additional hardware and connect it to the 
microcontroller socket(s). 


FEATURES: 


Hardware: 


¢ 40-pin, 28-pin and 18-pin Precision sockets for ail 
supported microcontrollers. 


e On board +5V regulator and filter rectifier for direct 
input from 9V AC/DC wall adapter. 


e RS232 socket and associated hardware for direct 
connection to RS232 interface. 


e 5K pot to simulate analog input for PIC16C71. 


e Three push button Key for external stimulus and 
RESET. 


e Ejightbright LEDs connect to PortB, help in displaying 
8-bit binary values on PortB. 


¢ Socket for “canned” crystal Oscillator. 

e Unpopulated holes provided for Xtal connection 
e Jumper to disconnect on board RC Oscillator. 

e 200-hole prototype area for user’s hardware. 





© 1994 Microchip Technology Inc. 
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PICDEM-I 





Software: DOCUMENTATION 
¢ Program for PiCi6C71 to demonstrate on-chip A/D e Acomprehensive User's Guide with easy to follow 
features. step-by-step Getting Started and a Tutorial. 
e Program for PIC16C84 to demonstrate on-chip | e Schematics for the entire circuit. 
EEPROM. . | 
¢ Program for PIC17C42 to demonstrate on-chip SAMPLES 
te Three UV ble devi lied 
ree UV erasable devices s 
e Program for PIC16C5X to demonstrate key input a 
capability. e PIC17C42 
e All demo programs supplied on 3.5" disk, e PIC16C71 
¢ Additional programs available on Microchip's BBS. e PIC16C55 


SALES AND SUPPORT 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 


PART NUMBER sft DESCRIPTION 


DM163001 LOW-COST DEMONSTRATION BOARD FOR 
7 PIC16C5X, PIC16C71, PiIC16C84 AND PIC17C42 


DS30368A — page 2 © 1994 Microchip Technology Inc. 
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MicROCHIP 


MPASM Universal Assembler 





Universal PIC16/17 Microcontroller Assembler Software 





This product brief describes the technical aspects of the 
PIC16/17 Assembler developed by Byte Craft Limited 
and distributed by Microchip Technology. The MPASM 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series, including the 
PIC16C5X, PIC16CXX and PIC17CXxX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM REQUIREMENTS 


MPASM will run on any IBM PC/XT®, AT® or compatible 
computer running DOS 4.1 or later. The distribution 
media is 3 1/2", low density (720K) floppies. It is 
distributed at the root level, and may be executed 
directly from the floppy. 


No special display or ancillary devices are required. 


MPASM ASSEMBLER FEATURES 


MPASM supports the 12-bit PIC16C5X, the 14-bit 
PIC16CXX, and the 16-bit PIC17CXX cores. 


All instructions are single-word and single-cycle, except 
for branches, which execute in two cycles. Most instruc- 
tions operate on one or more operands. 


MPASM have the following features to assist in develop- 
ing software for specific user applications: 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


Macro Assembly Capability 


Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


Supports Hex (default), Decimal and Octal source 
and listing formats. 


Output formats: INHX8S, INHX8M, INHX32 and 
relocatable objects. 


IBM PC/XT and AT are registered trademarks of IBM Corp. 


MPASM DIRECTIVE LANGUAGE 


MPASM provides a full featured directive language 
represented by four basic classes of directives: 


¢ Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPASM listing dis- 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


¢ Control Directives permit sections of conditionally 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


MPASM INSTRUCTION SET 


MPASM supports the entire instruction set of the 
PIC16C5X, PIC16CXX and PIC17CXX microcontrollers, 
as represented in the following four classes of instruc- 
tions: 

e Data Move Operations 

e Arithmetic and Logical Operations 

e Bit Manipulation Operations 

e Special Control Operations 


The Microchip microcontroller set is used to operate on 
data located in any of the file registers, including the I/O 
registers. There are: 


e Data Transfer Operations 
e Logical Operations 
e Rotate Operations 


MPASM provides bit level file register operations to 
manipulate and test individual bits in any addressable 
register, literal and control operations permitting opera- 
tions on literals and branches to subroutines in program 
memory. 


The Microchip microcontroller instruction sets allow 
read and write of special function registers such as the 
PC and status registers. 


© 1993 Microchip Technology Inc. 
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MPASM Universal Assembler 





MPLINK MPLIB 

MPLINK supports the linking of multiple relocatable MPLIB provides the ability to group several relocatable 
objects created by MPASM into a single absolute hex objects into a logical collection, in one file. Libraries 
file, suitable for simulating, emulating, and program- created by MPLIB can be referenced by MPASM. Only 
ming. MPLINK supports the hex outputs supported by those objects required by the linking phase are included 


MPASM and absolute listing file. in the resulting hex output. 


DS30179B-page 2 © 1993 Microchip Technology Inc. 
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MicrocnHip MPALC Cross Assembler 


PIC16CXX Microcontroller Cross Assembler Software 





This product brief describes the technical aspects of the 
Microchip Assembler (MPALC) developed by Microchip 
Technology Incorporated. 


The MPALC Cross Assembler is a PC hosted symbolic 
assembler. It supports the PIC16C5X and PIC16CXX 
microcontroller series. 


MPALC offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip’s development tools as well as third party 
programmers. 


MPALC REQUIREMENTS 


MPALC will run on any IBM PC/XT®, AT® or compatible 
computer, running DOS 3.31 or later. The distribution 
media is 3 1/2”, low density (720k) floppies. It is distrib- 
uted at the root level, and may be executed directly from 
the floppy. 


No special display or ancillary devices are required. 


MPALC ASSEMBLER FEATURES 


MPALC supports the 12-bit PIC16C5X and the 14-bit 
PIC16CXX cores. The 12-bit core has 33 instructions, 
the 14-bit core has 35. 


All instructions in both instruction sets are single-word 
and single-cycle, except for branches, which execute in 
two cycles. Most instructions operate on one or more 
operands. 


MPALC has the following features to assist in 
developingsoftware for specific user applications: 


e Provides translation of Assembler source code to 
object code for PIC16C5X and PIC16CXX Microchip 
micro-controllers. 


e Macro Assembly capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


e Output formats: INHX8S, INHX8M and INHX16. 


e Supports Hex (default), Decimal and Octal source 
and listing formats. | 


IBM PC/XT and AT are registered trademarks of IBM Corp. 


MPALC DIRECTIVE LANGUAGE 


MPALLC provides a full-featured directive language rep- 
resented by the following four classes of directives: 


e Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


e Listing Directives control the MPALC listing format. 
They allow the specification of titles, subtitles, page 
ejects and other listing controls. 


¢ Control Directives permit sections of conditionally 
assembled code. 


e Macro Directives control the execution and data 
allocation within macro body definitions. 


MPALC INSTRUCTION SET 


MPALC supports the entire instruction set of the 
PIC16C5X and PIC16CXX micro-controllers, as repre- 
sented in the following four classes of instructions: 


¢ Data Move Operations 

e Arithmetic and Logical Operations 
e Bit Manipulation Operations 

e Control Operations 


The Microchip microcontroller instruction set is used to 
operate on data located in any of the file registers, 
including the I/O registers. There are: 


e Two data transfer operations 


e Six arithmetic operations (the PIC16CXX series pro- 
vides two more). 


e Six logical operations 
e Three rotate operation 


MPALC provides bit level file register operations to 
manipulate and test individual bits in any addressable 
register, literal and control operations permitting opera- 
tions on literals and branches to subroutines in program 
memory. | 


The PIC16C5X and PIC16CXX instruction sets allow 
read and write of special function registers such as the 
PC and status registers. 


© 1993 Microchip Technology Inc. 
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MPALC Cross Assembler 


NOTES: 
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MICROCHIP 


MPSIM Simulator 


PIC16C5X and PIC16CXX Microcontroller Simulator 





MPSIM is a discrete event simulator software applica- 
tion designed to imitate operation of the PIC16C5X and 
PIC16CXX microcontrollers. It allows the user to debug 
software that will use any of these microcontrollers. 


At any instruction boundary, you may examine and/or 
modify any data area within the processor, or provide 
external stimulus to any of the pins. MPSIM gives you 
a solid, low cost, source-level debug tool to help you 
through the early design verification stages of you project. 


MPSIM REQUIREMENTS 


MPSIM requires an IBM PC/XT®, AT® or compatible 
computer running DOS version 3.31 or later. The PC 
needs a3 1/2” floppy disk drive and at least 256K of main 
memory; MPSIM.EXE occupies roughly 150K. Recom- 
mended is a hard disk drive with 5 Mb of available 
storage. 


MPSIM SIMULATOR 


The MPSIM Simulator program provides the developer 
with an instruction and limited I/O simulator software 
program for debugging Microchip microcontroller as- 
sembler code. 


The simulator is meant for use with smaller projects not 
requiring precise, more extensive development equip- 
ment. Since the PIC16C5X architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications can be developed by using a simulator 
program alone. 


The PIC16CXX family supports various peripherals and 
interrupt strategies. These interrupts can be simulated 
but certain peripheral functions (such as A/D conver- 
sions) are not. 


IBM PC/XT and AT are registered trademarks of IBM Corp. 


The MPSIM Simulator has the following features to 
assist in the debugging of software / firmware for the 
user: 


Program Load / Save 


Commands exist to load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 


Display and Alter 


Provisions are made to display and alter Program 
Memory, Register Files and status register bits. Also, 
simulator information such as cycle times, elapsed time, 
and step count can be displayed. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci- 
fied address ranges. 


Utility Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurrences of instructions, register use and ASCII 
data. 


Symbolic Debugging 


The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be 
displayed. New symbols defined and unwanted sym- 
bols deleted. 


Execution and Trace 


During program execution, a number of items can be 
traced. Address ranges, registers and register contents 
and others. 


Breakpoints 


The user may specify up to 512 breakpoints at any one 
time. 


Assembler Support 


MPSIM supports both the Microchip MPALC and the 
MPASM Universal Assembler. 


© 1993 Microchip Technology Inc. 
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MPSIM Simulator 


NOTES: 
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MP-C 





MP-C Code Development System 





MP-C CODE DEVELOPMENT SYSTEM 
FOR PIC16/17 


This product brief describes the technical aspects of the 
MP-C Code Development System for PIC 16/17 micro- 
controllers developed by Byte Craft Limited. 


The MP-C Code Development System is a complete ‘C’ 
compiler and integrated development environment for 
Microchip's PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display (emu- 
lator software versions 1.13 and later). 


MP-C is fast and efficient. You can quickly produce 
stand-alone single-chip microcontroller applications. 
These, taken with its other advantages make the Byte 
Craft MP-C Code Development System the first choice 
in intelligent compiler technology. 


MP-C Requirements 


The compiler will run on any IBM PC®, PC/XT®, 
PC/AT® or compatible computer, running DOS 4.1 or 
later. The distribution media is 33”, low density (720k) 
floppies. It may be executed directly from the floppy, or 
copied to your hard drive to execute more conveniently. 


MP-C Code Development System Features 


MP-C supports the 12-bit PIC16C5X, the 14-bit 
PIC16CXX, and 16-bit PIC17CXX cores. It is a rule- 
based compiler with expert systems tailored for each of 
these platforms for optimal efficiency. 


The compiler generates executable code directly from 
the compile process. There is no need for an extra step 
to assemble code generated by the compiler. 


SALES AND SUPPORT 
The MP-C Code Development System is supplied and supported directly by Byte Craft Limited of Waterloo, Ontario. 


MP-C has the following features to assist in developing 
PIC16/17 software for specific user applications: 


e Provides Object, Listing, Symbol and special files 
required for debugging with other Microchip Devel- 
opment systems. 


¢ Supports interrupt routines 

e Checks source against target hardware definitions 
¢ Generates efficient, tight object code 

e Includes a linker and built-in macro assembler 


e ‘C’ enhancements specific to the PIC16/17 families’ 
instruction sets 


¢ Output formats: INHX8S, INHX8M, and INHX32. 


MP-C Microprocessor Specific Extensions 


The MP-C Code Development System includes com- 
mon ‘C’ enhancements such as ROM arrays, binary 
constants and case statements together with functions 
specific to the PIC16/17 architecture. 


e Binary Constants of the form 0b0101110which are 
logical extensions to the conventional 0x1a3b style 
of hexadecimal constants. You may also use OB as 
leading characters. 


¢ Case Statements are supported well by the 
PIC 16/17 instruction set and the compiler provides a 
superset of the standard ‘C’ case statement. For 
example, case 4,5:, case ‘0’..’9', and complex case 
statements are allowed. 


e Processor Specific Functions that are specific to 
the PIC16/17 family. For example NOP() and 
SLEEP() produce the equivalent PIC16/17 instruc- 
tion. 


e “At” or @ Extension allows you to fix a variable to 
a specific address in memory, for example: intN @ 
Ox0C. 


If you have any questions please contact their technical support personnel at (519)888-6911, or fax your questions 


to (519)746-6751. 





IBM PC, PC/XT and PC/AT are registered trademarks of IBM Corporation. 


© 1994 Microchip Technology Inc. 
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NOTES: 
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fuzzyTECH/MCU-MP for PIC16/17 





fuzzyTECH/MCU-MP EDITION FOR 
MICROCHIP PIC16/17 


This product brief describes the technical aspects of the 
fuzzyTECH-MP Fuzzy Logic Development System for 
PIC16/17 microcontrollers developed by INFORM™ 
Software Corporation specifically for Microchip Tech- 
nology. 


The fuzzyTECH-MP Development System comes in two 
versions. The first, the Explorer edition, contains every- 
thing you need for a comprehensive working knowledge 
about fuzzy-logic system design. It is easy-to-use, all 
graphic editors and tools guide you step-by-step through 
the development phases of fuzzy systems. The Ex- 
plorer edition supports two input variables and one 
output variable. 


The full featured version offers all of the capabilities of 
the Explorer edition, p/us it has the additional flexibility of 
eight input variables and four output variables for de- 
signing more complex systems. The full features are 
enabled with a parallel key lock. 


Both systems generate assembly code compatible with 
the MPASM, Microchip’s Universal Assembler, that can 
be integrated into your application. Examining this code 
provides you with further insights into the fabrics of fuzzy 
logic systems. 


fuzzyTECH-MP System Requirements 


fuzzyTECH-MP will run on any IBM PC® (386 or higher) 
or compatible computer, running DOS 4.1 or later, and 
MS-Windows® 3.0 or later. Because fuzzyfTECH-MP 
makes extensive use of graphics, a color graphic moni- 
tor (VGA) is required, and higher resolutions of 800 x 600 
or 1024 x 768 are recommended. 


What is Fuzzy Logic? 


Fuzzy logic is a technology that enhances mode-based 
system designs using both intuition and engineering 
heuristics. Fuzzy logic uses elements of everyday 
language to represent desired system behavior, thus 
circumventing the need for rigorous mathematical mod- 
eling. 


It is an efficient way of designing, optimizing and main- 
taining highly complex systems transparently. 


Fu Logic Applications 





Fuzzy logic finds its home in unique applications: 


e When no adequate mathematical model for a given 
problem is readily apparent. 


e When non-linearities, time constraints or multiple 
parameters exist. 


e When engineering know-how about the given prob- 
lem is available or can be acquired during the design 
process. 


The fuzzyTECH-MP Implementation 


fuzzyTECH-MP provides the following standard fea- 
tures: 


e Windows Compatible with full graphical user inter- 
face 


e 8-Input variables (2 for the Explorer version) 
¢ 4-Output variables (1 for the Explorer version) 
¢ 8-Bit resolution on input and output variables 


e 16-Bit computation resolution for the PIC16CXX and 
PiIC17CXX microcontrollers 


e Notheoretical limit on rules, antecedents and linguis- 
tic conjunctions (chip limitations will place a practical 
limit on these) 


e MAX-MIN and MAX-DOT inference methods 
¢ CoM and MoM defuzzification methods 

e MPASM Compatible 

e PICMASTER Compatible 


fuzzyTECH-MP 


fuzzyTECH-MP is available directly from Microchip Tech- 
nology and its authorized distributors. Contact your 
local sales office for more information. 


fuzzyTECH is a registered trademark of INFORM Software Corporation. 


INFORM is a trademark of INFORM Software Corporation. 
IBM-PC is a registered trademark of IBM Corporation. 
Windows is a registered trademark of Microsoft Corporation. 


© 1994 Microchip Technology Inc. 
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SALES AND SUPPORT 
To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. | 
PART NUMBER DESCRIPTION 
SW005003 FUZZY TECH-MP EXPLORER 
$w005004 i FUZZY TECH-MP FULL FEATURED 
DS30361A — page 2 © 1994 Microchip Technology Inc. 
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MicROCHIP TOTAL EN DU RANCE™ 


Serial EEPROM Endurance Model 








Graph f 





FEATURES SYSTEM REQUIREMENTS 

¢ IBM® PC compatibility ¢ DOS 3.1 or higher 

¢ Windows® 3.1 or DOS 3.1 compatibility ¢ Windows 3.1 

¢ Automatic or manual recalculation ¢ 1MB memory 

¢ Real-time update of data e ‘386 or ‘486 processor recommended 
¢ Full-screen or windowed graphical view ¢ Math coprocessor recommended 


e 


Hypertext on-screen help 


¢ Key or slide-bar entry of parameters DEVICE SUPPORT 

* On-screen editing of parameters ¢ Microchip 2-wire 24CXX/24LCXXB/85CXX 
¢ Single-click copy of plot to clipboard ¢ Microchip 3-WIRE 93CXX/93LCXX Series 
¢ Numeric export to delimited text file ¢ Microchip 4-wire 59C11 


On-disk Endurance Tutorial 


Total Endurance is a trademark of Microchip Technology Inc. 
IBM PC is a registered trademark of IBM Corp. 
Windows is a registered trademark of Microsoft Corp. 


© 1994 Microchip Technology Inc. DS21074B-page 1 
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TOTAL ENDURANCE™ 


DESCRIPTION 


Microchip’s revolutionary Total Endurance disk pro- 
vides electronic systems designers with unprecedented 
visibility into Serial EEPROM-based applications. This 
advanced software model (with a very friendly user 
interface) eliminates time and guesswork from Serial 
EEPROM-based designs by accurately predicting the 
device’s performance and reliability within a user-de- 
fined application environment. Design trade-off analy- 
sis which formerly consumed days or weeks can now be 
performed in minutes, with a level of accuracy that 
delivers a truly robust design. 


Users may input the following application parameters: 


e Serial EEPROM device type 

e Bytes to be written per cycle 

e Cycling mode - byte or page 

e Data pattern type - random or worst-case 
e Temperature in °C 


a CraecaNAlrita nunlae nar Aa 
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¢ Application lifetime or target PPM level 


The model will respond with FIT rate, PPM level, appli- 
cation life and a plot of the PPM level vs. number of 
cycles. The model is available in both DOS and Win- 
dows versions. 


BACKGROUND 


Microchip’s research into the Erase/Write éndurance of 
Serial EEPROMs has resulted in the conclusion that 
endurance depends upon three primary effects: the 
physical properties of the EEPROM cell, the internal 
error-correction technology employed, arid the applica- 
tion environment. EEPROM endurance specified as a 
“typical” value in device data sheets must therefore be 
evaluated on a case-by-case basis, taking into account 
the manner in which the device will be used in the 
application. The Microchip Total Endurance software 
applies the user-defined application parameters to a 
complex mathematical model in order to emulate the 
EEPROM'’s performance and reliability in the system. 


USING OF THE MODEL 


The user has simply to choose a Microchip serial 
EEPROM device from the device-list menu and begin 
entering the application parameters. The entire process 
can take literally seconds to complete, and the model will 
output the PPM level and FIT rate of the device vs. the 
number of Erase/Write cycles. If the user has specified 
an application lifetime, the model will output PPM and 
FIT rates at that point in time. Alternately, the user may 
input a desired PPM level and the model will calculate 
the application lifetime which will result in that survival 
rate. The user may then trade-off any of the parameters 
(device type, voltage, application life, temperature, # of 
bytes per cycle, # of cycles per day etc.) to arrive at an 
optimal solution for the intended application. 


ACCURACY OF THE MODEL 


The accuracy of the Microchip Total Endurance model 
has been verified against test data to within ten percent 
of ine actuai values. However, Microchip makes no 
warranty as to its accuracy or applicability of the informa- 
tion to any given application. It is intended to be used as 
a guide to aid designers of Serial EEPROM-based 
systems in performing trade-off analysis and developing 
robust and reliable designs. 
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SECTION 10 
QUALITY AND RELIABILITY 
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A CORPORATE COMMITMENT 


Microchip Technology Inc. has evolved a culture where 
a commitment to quality is an integral part. By empow- 
ering every employee to be responsible for the quality of 
their work, the entire corporation is involved in the quality 
process. This interaction creates an environment for 
continuous improvement throughout the organization. 
The benefits of the system are then not only enhanced 
product quality and reliability but also product services. 


THE CHALLENGE OF COMPLEXITY 


Integrating an Ideal 


Microchip's quality programs and business plan are 
vertically integrated and touch all levels of the company. 
From the top down, the President and CEO actively 
leads programs to ensure continuous improvement is a 
perpetual process. Improvement and cross functional 
teams work to enhance performance at every depart- 
ment level. Incorporating the improvement objectives 
into the business plan creates a unity of purpose and 
mandates that the two merge as one measurement. 


Determination to be the Best 


A fundamental concept at Microchip is the commitment 
to continuous improvement. All areas are constantly 
looking for ways to improve every aspect of the com- 
pany. This has allowed products and processes to 
become world class in quality and reliability. These 
programs are the foundation for success. 


PROCESS TECHNOLOGY 


All the products manufactured at Microchip make use of 
a common N-Well CMOS baseline process to which 
modules are added in order to create the specific func- 
tions required by the product (EEPROM, Microcon- 
troller, Logic and EPROM). 


The baseline process, which has been in Manufacturing 
for the last 8 years, uses minimum dimensions of 1.5um, 


360A gate oxide thickness, N* doped polysilicon gates 


and arsenic implanted source-drain diffusions for the N- 
channel devices. 


Amore advanced process uses minimum dimensions of 
151m, 250A gate oxide thickness, polycide gate and LDD 
junction for the N-channel devices. A double level metal 
modules can be added to both processes. 


All of these devices utilize a proprietary passivation 
suitable for a wide variety of package types. Microchip's 
processes have been developed with reliability and 
manufacturability as their primary goals. 


EEPROM 


Microchip's CMOS floating gate EEPROM technology 
produces a non-volatile memory cell by storing or re- 
moving charge from the floating gate. Charge is trans- 
ferred bidirectionally to the floating gate by Fowler- 
Nordheim tunneling through a sub-10 nm oxide over the 
drain of the transistor. This technology produces a 
memory cell with a typical endurance of > 10° cycles and 
greater than 10 years of data retention. (See EEPROM 
application note for details). 


EPROM 


This technology uses a non-volatile memory cell which 
stores charge on a self aligned floating gate. Electrons 
are provided to the floating gate via hot electron injection 
from the drain depletion region. Each byte can typically 
be programmed in 100 microseconds, and can retain 
that data for more than 10 years with unlimited reads. 
Block erasing is accomplished with a high intensity UV 
source through the package window. Windowed parts 
can be erased and reprogrammed more than 100 times. 


Microcontroller and Logic 


Logic products are built on a variety of Microchip's 
processes and their derivatives. These products 
have process modules for production of controllers 
that feature ROM, Analog, EPROM, and EEPROM. 
By utilizing the standard processing modules, the 
designs meld these technologies and their flexibility 
while maintaining the high quality and reliability stan- 
dards expected. 


QUALITY 
Design for Quality and Reliability 


Product reliability is designed into all Microchip pro- 
cesses and products. Design margins are established 
to guarantee every product can be produced economi- 
Cally, error-free and within the tolerances of the manu- 
facturing process. Product Introduction Teams repre- 
senting manufacturing, engineering, quality and product 
divisions ensure that exacting standards are met for 
each specific product. 
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Documentation and Procurement 
Specifications 


Microchip's documentation control program assures the 
correct and current document always is available at the 
point of use. Active documents are revision coded and 
serialized. Procurement specifications bear the same 
requirements. These document control procedures, 
which are common in the industry for military and high 
reliability products, are employed by Microchip, system 
wide. 


In Line Controls and Process Assessment 


Product integrity is assured by sampling and inspection 
plans performed in line. This enables Microchip to 
control and improve product quality levels as product 
moves through the manufacturing operation. Microchip's 
acceptance sampling plans in assembly emphasize the 
attempt to eliminate defective product as it is discov- 
ered. Acceptance and sampling plans are based on 
proprietary low fraction defective (<1000ppm) quality 
statistics. 


To determine whether a process is within normal manu- 
facturing variation, statistical techniques are put to work 
at selected process steps.. In-process controls are 
performed by operators in the wafer fabrication and 
assembly operations. Operators take immediate cor- 
rective action if a process step is out of its control limit. 
Through these in-line controls the true capability of a 
process is generated. (See Appendix A - Controls) 


Control of Customer Quality is attained through a statis- 
tical program based on minimum defect capability lev- 
els. These levels are defined as the error levels associ- 
ated with the circuit design and science limitations of the 
chemistry and physics of processing. 


Material controls prevent defective piece parts from 
getting into the line. Microchip's assembly material 
control sample plan is typical of the emphasis placed on 
safeguards. (See Appendix B - Material Controls). 


Testing for Margin 


Microchip conducts a product's initial test under strin- 
gent requirements. All quality assurance tests are run to 
tighter limits than customer specifications. As part of an 
outgoing quality assurance program, products are tested 
at least two machine tolerances tighter than those limits 
specified by the customer on every parameter. Margin 
testing accounts for normal tolerances of any particular 
test system and provides the assurance that Microchip's 
products meet a customer's specifications. 


Variation from Expectation 


Microchip works to make variation from target as small 
as possible. The better process is the one that holds the 
narrowest dispersion. Processes are targeted to main- 
tain Cpk's of >1.5 and currently have typical values of 
>2.0. Higher process capability values are continually 
strived for indicating that better process control is being 
obtained. 


Outgoing Quality 


Quality Control samples all outgoing product from final 
testing. These samples measure in line defect levels: 
after screens have been applied. Root cause analysis 
follows, initiating technical change to effect continuous 
improvement. 


Programmability Yield | 


Using programmable devices adds a complexity to the 
Quality Level interpretation. It is not unlikely that some 
programmable devices will not program. The program- 
mability yield is dependent on (but not limited to): pro- 
grammers, technology, array size, and handling. 


Any device that does not program properly will not be 
used in the end system. Therefore, programmability 
yields should not be used to calculate AQLs. 


For convenience, Microchip offers programming ser- 
vices for certain devices. This service is an advantage to 
the customer since it not only ounce program mabil- 


ity rejects, but alsc reduces the handling cf the parts. 


See the individual data sheets for details on our Quick- 
Turnaround-Production (QTP) service. 


RELIABILITY 


Process Qualification 


No priority is more important than the one where pro- 
cesses under which Microchip products are built operate 
without fail. All products are stressed beyond normal use 
limits when undergoing high temperature operating life 
and retention bake tests. This is done to ensure that the 
devices meet the strictest reliability guidelines and will 
maintain industry low failure rates. 


Package Qualification 


Package qualification measures acomponent's ability to 
withstand extreme thermal and mechanical stresses. All 
products are stressed to high level industrial specifica- 
tions to ensure reliability. 


Ongoing Sampling of Key Reliability 
Variables 


Microchip conducts accelerated mechanical tests, oper- 
ating life tests and memory retention tests to explore the 
many ways failures might occur. Data obtained from 
continuous testing is used to identify potential reliability 
problems and for defining action courses to improve 
product. Microchip's reliability knowledge is shared with 
customers. This data is available for use in customer's 
own quality and reliability inprovement programs and is 
published in regular quarterly and yearly reports. 
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RELIABILITY CONCEPTS 
Definition 


Reliability is the probability of a system or circuit per- 
forming its predefined function adequately under spe- 
cific conditions for a given period of time. Thus, the 
reliability of a microcircuit is a function of both stress 
conditions and the time of operation. 


The reliability (or probability of survival) range runs from 
0 (no chance of survival) to 1 (no chance of failure). 
Current microelectronic circuits are manufactured and 
controlled to such tight specifications that reliability 
figures for the total operation time approaching 1 (i-e., 
0.9999) are common. As a result, the complement of 
reliability, or the failure probability, is more often quoted 
in current literature. 


The failure rate is the rate at which failures occur on units 
Surviving to a specific number of hours of operation. 
Failure rates per unit circuit-hour would generally be 
very small. To avoid reporting such small numbers, 
failure rates have been defined for greater circuit-hours. 
One thousand circuit-hours is defined as one circuit 
operating for one thousand hours, or 1,000 circuits 
operating for 1 hour, etc. The numbers of circuit-hours 
is the number of circuits multiplied by the number of 
operation hours for each circuit. 


Two methods to define failure rate are commonly used: 
e Percent failures per thousand circuit-hours 
e Absolute failures per 10° circuit-hours, or FITs. 


Note that a failure rate of 0.0001%/1000 hours and 1 FIT 
are equivalent numbers. 


Bathtub Curve: Failure Rate Over Time 


The generic representational graph of failure rate vs. 
time takes the shape of a bathtub curve. (Figure 1). 


The early failure rate (infant mortality) period starts from 
initial operation (time To) and decreases as time goes 
on. 


Time T1 signifies the end of the infant mortality period. 
The next phase of the curve occurs between time T1 and 
T2. This long period of time is distinguished by a nearly 
constant and very low failure rate. After T2 is passed, the 
failure rate starts to increase slowly. This last phase of 
failure rate vs. time is known as the wear-out period. 


Temperature Dependency 


in order to establish failure rates in a reasonable time, it 
is necessary to accelerate the incidence of the failure 
modes. Higher environmental stress levels than those 
encountered under normal conditions are needed. The 
accelerating parameter most employed is junction tem- 
perature, although voltage and humidity, for example, 
are also used. Higher temperatures are capable of 
accelerating many common failure modes dramatically. 


Arrhenius Equation 


A number of mathematical models were developed to 
quantify the relationship between accelerated failure 
rates and increased junction temperatures. The one 
model most commonly used employs the Arrhenius 
Equation. It is as follows: 


Ea; 1 1 
AF = e*, where x= —— |—-— 
K | TN TA 


AF = Acceleration Factor (non-dimensional) 
e = 2.718281828 ... (non-dimensional constant) 
EA= Activation energy level (electron volts) 


k = Boltzmann's constant = 8.6172 x 10° 
(electron-volts/degree Kelvin) 


TN = Normal junction temperature (degrees Kelvin) 


TA = Accelerated junction temperature (degrees 
Kelvin) 


Thus, the time to achieve a certain probability of failure 
at time T1 under temperature TN can be compressed to 
T1 divided by AF at the accelerated temperature, TA. 
Note that for true acceleration, the acceleration factor 
AF is independent of the probability of the fail point 
specified. 


AF, the dependent variable of the Arrhenius Equation is 
a function of several variables. TN and TA are specified 
for the situation under consideration. EA is a function of 
the particular mode of failure, and is determined by 
experimental evaluation. 


FIGURE 1: BATHTUB CURVE 
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Activation Energy Level 


Activation energy levels in semiconductors generally 
are in the 0.3 - 1.1 electron-volt range. Each failure 
mode has its own activation energy. Some typica 
examples are: 


FAILURE MECHANISM 


Ea (eV) 
Oxide/Dielectric Breakdown 0.3 
Electromigration 0.5 to 0.7 
Surface Related Contamination 1.0 
Intermetalics | 1.0 
Floating Gate Charge Loss 0.6 
Hot Electron Trapping © -.1 
Charge Trapping 0.12 


A compromise value of 0.6 electron-volts is often used 


when there is no specific information relating to the 


wpwwe . s + ~~] tw bb tke 


failure modes being accelerated. 


RELIABILITY TESTS 
Operating Life Test 


The Operating Life Test is run under dynamic bias 
conditions where inputs are clocked. The test is con- 
ducted at high temperature to accelerate the failure 
mechanisms. The normal temperature for the test is 
+125°C for 1,000 hours. Readouts occur at 24, 168, 500 
and 1,000 hours. Early hour failures are usually associ- 
ated with manufacturing defects or otherwise marginal 
material. 


Retention Bake 


The Retention Bake Test is performed to accelerate 
data loss on floating gate devices. The test consists of 
unbiased baking at elevated temperature. Usually the 
test lasts for 1,000 hours at +150°C. The failure mecha- 
nism that is accelerated is charge leakage from a stored 
element. 


Endurance Cycling 


Endurance Cycling establishes the number of times a 
device can be programmed and erased. Normally the 
test is conducted at rated temperature conditions and is 
followed by retention bake. The standard cycling at 
Microchip is done at 85°C using a byte cycle mode and 
is followed by a bake of both a checkerboard and an 
inverse checkerboard of 48 hours at 150°C. 


Temperature Cycle 


The Temperature Cycle test simulates stresses which 
occur to systems during power up/power down se- 
quences. The test is intended to reveal any deficiencies 
resulting from thermal expansion mismatch of the die/ 
package structure. Normally the test is conducted by 
cycling between -65°C and +150°C in an air ambient. 
Duration for the test is typically 500 cycles for both 
plastic and ceramic packages. Endpoint criteria are 
both electrical and visual/mechanical. 


Therma 
The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is 
liquid-to-liquid. This stimulates rapid thermal environ- 
mental changes. The mechanisms accelerated are 
identical to those in the Temperature Cycle test except 
that the Thermal Shock test is a more accelerated test 
with temperatures normally +125°C to -55°C. The num- 
ber of cycles are 500 for qualification testing. 


Autoclave 


The autoclave test determines the survivability of de- 
vices in molded plastic packages to a hot, humid envi- 
ronment. The test exposes unbiased, plastic packaged 
devices to saturated steam at 121°C and 15 pounds per 
square inch (one atmosphere) gauge pressure. The 168 
ormore hours of testing allows moisture to penetrate into 
the die. Chemical corrosion of the die metallization may 
occur if ionic contaminants are present and the die 
surface protection is deficient or damaged. Charge 
leaks from floating devices usually happen before a 
corrosion mechanism develops. | , 
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RELIABILITY TESTS (CONT.) 


Temperature Humidity Test 


The Temperature Humidity test determines the surviv- 
ability of devices in molded plastic packages functioning 
ina hot, humid environment. By convention, test condi- 
tions are 85°C with 85% relative humidity. The parts are 
biased to lend themselves to electrochemical corrosion. 
The duration of the test is usually 1,000 hours or more. 
The test checks the adequacy of the die surface protec- 
tion and the plastic's lack of ionic impurities. The applied 
bias is 5 volts on alternating pins or set up for minimum 
power to reduce internal heating and consequent mois- 
ture evaporation on the device. Similar to the Autoclave 
test, charge loss on floating gate devices is a principle 
failure mechanism. 


HAST 


The Highly Accelerated Stress Test is similar to the 
Temperature Humidity Test but with more stringent 
temperature exposure. Devices are subjected to 130°C 
with 85% relative humidity and an alternating bias of 5 
volts and ground on device pins. The duration of the test 
is 168 hours. This tests for ionic contamination and 
corrosion, but floating gate devices may also fail for 
charge loss. 


QUALIFICATION CATEGORIES 


in general, qualification is required for new design, major 
changes in old design, process or material when either 
wafer fabrication or package assembly operations are 
affected. Cross functional teams which include reliability 
develop new products for introduction. In other areas, 
Microchip utilizes the concept of a Change Control 
Board which meets regularly to establish which criteria 
is to be used for all specific proposed changes. This 
board is made up of representative leaders of various 
groups and departments throughout Microchip to insure 
all concerns are heard early during the process. 


QUALIFICATION PROGRAMS 


Qualifications guarantee changes to or new processes 
and technologies are properly evaluated for reliability 
performance. 

Reliability Monitoring 


Microchip's reliability monitoring program is a compre- 
hensive effort to measure the reliability of all process 
families with strict regularity. The program strives to 
improve performance through failure analysis and cor- 
rective action. Numerous screening procedures are 
used and estimates of product life and expected failure 
rates are provided. 


Typical tests and frequencies include: 
e¢ Die Monitor on selected product for - 
Dynamic Life 
Retention Bake 
Endurance 


e Periodic (weekly, monthly and quarterly) package 
monitors to evaluate: 


Mechanical stresses 

Alignment 

Temperature and moisture stresses 
Corrosion resistance 

Marking permanency 
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APPENDIX A - IN LINE CONTROLS 


CONTROLS - PLASTIC PACKAGE ASSEMBLY 


Operation — : Sample Plan Responsibility Referenced 
— Quality ) Prod | MIL-STD 


Die Visual Reject defectives | 10% sample - Xx MIL-STD-883C 
100% rescreen LTPD 10 X Method 2010 
per LTPD 


MIL-STD-883C 
Method 2010 


Die Attach 


Wire Bond Machine 
Shut Down 


Post Wire Bond | Reject defectives | MIL-STD-883C 


1N0°% rascrean | Mathad 9N41N 


wesw wes Vewtiws GW iV 


per LTPD 
Mold Press 


Die Plating | Reject defectives | Every 4 hrs 
- 100% rescreen LTPD 10 
per LTPD 


Trim and Form | Reject defectives | Once/2 hrs 
100% rescreen LTPD 10 
per LTPD 


External Visual and Reject defectives 100% LTPD 2 MIL-STD-883C 
Documentation 100% rescreen Method 2010, 
Verification per LTPD Method 2016 
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CONTROLS - CERAMIC PACKAGE ASSEMBLY 


Operation Sample Plan Responsibility Referenced 
Quality MIL-STD 


Die Visual Reject defectives 10% LTPD 10 
100% rescreen 
per LTPD 


MIL-STD-883C 
Method 2010 


MIL-STD-883C 
Method 2010 


MIL-STD-883C 
Method 2010 


Wafer Saw Machine One kerf per lot 
Shut Down 

Die Attach Machine Non-destruct each 2 hrs 
Shut Down destruct each shift 

Wire Bond Machine 4X/shift/machine 
Shut Down 


MIL-STD-883C 
Method 2010 


MIL-STD-883C 
Method 2010 


Preseal Visual Reject defectives 100% LTPD 15 
100% rescreen 
per LTPD 


- xX 
X a 
ace 
[= i 
Exe 
- X 
X : 
Package Seal Machine LTPD 15 | X 
Shut Down 
Environmental Machine Xx MIL-STD-883C 
Stress Shut Down Method 2001 
wi 
wi 
- » 4 
X 3 
- X 
X P 


Centrifuge Method 1010 
Temp Cycle 


Fine Leak ‘Reject defectives | LTPD5 
100% rescreen 
per LTPD 
Gross Leak Reject defectives | LTPD5 
100% rescreen 
per LTPD 
Lead Trim Reject defectives | 100%LTPD2 
100% rescreen 
per LTPD 


External Visual and Reject defectives 100% LTPD 2 
Documentation 100% rescreen 
Verification per LTPD 


MIL-STD-883C 
Method 1014 


MIL-STD-883C 
Method 1014 


MIL-STD-883C 
Method 2009 


MIL-STD-883C 
Method 2010, 
Method 2016 
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APPENDIX B - MATERIAL CONTROLS PACKAGE 


MATERIALS CONTROLS - PLASTIC PACKAGE ASSEMBLY 


Operation ae Sample Pian 


Lead Frame Reject defectives | Visual, LTPD 2 
100% rescreen Functional, LTPD 10 
per LTPD and material spec 


Die Attach Epoxy | Reject Functional, LTPD 15 X 
and material spec 
| 


MATERIALS CONTROLS - CERAMIC PACKAGE ASSEMBLY 


Operation | Sample Plan 


Base/Lead Frame Reject 100% Visual, LTPD 10 
rescreen per Functional, LTPD 10 
LTPD Bake test, LTPD 15 
Dimensions, LTPD 50 
and material spec 


ae 
Package Reject 100% Visual, LTPD 10 X 
rescreen per Functional, LTPD 10 
LTPD Bake test, LTPD 15 
Dimensions, LTPD 50 
Plating, LTPD 10 
and material spec 
Rake 
tl 
Me 










Referenced 
MIL-STD 


aust [Pot 


X 

























































Spiral flow, 3X/lot xX 
Functional, 1X/lot and 
material spec 


Molding Compound N/A 










Referenced 
MIL-STD 


Responsibility 
























MIL-M-38510 













MIL-M-38510 





Preform Reject Visual, LTPD 10 
Functional, LTPD 15 
Bond Wire Reject Per material spec 
2 spools/lot 
A P 


MIL-M-38510 


MIL-M-38510 











Visual, LTPD 7 
Functional, LTPD 10 
and material spec 


MIL-M-38510 
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OVERVIEW 


Microchip Technology Inc.'s products provide competi- 
tive leadership in quality and reliability, with demon- 
strated performance of less than. 100 FITs (Failures in 
Time) operating life for most products. The designed-in 
reliability of Microchip's products are supported by on- 
going reliability data monitors. This document presents 
current data for your use - to provide you with results you 
can count on. 


The test descriptions included in this document explain 
Microchip's quality and reliability system. The product 
data demonstrates its results. 


The customer's quality requirements are Microchip's top 
priority. Ongoing customer feedback and device perfor- 
mance monitoring drive Microchip, leading to continuing 
improvements in the long-term quality and reliability. 


FAILURE RATE CALCULATION 


Extended field life is simulated by using high ambient 
temperature. In the semiconductor technology, high 
temperatures dramatically accelerate the mechanisms 
leading to component failure. Using performance 
results at different temperatures, an activation energy is 
determined using the Arrhenius equation. For each type 
of failure mechanism, the activation energy expresses 
the degree to which temperature increases the failure 
rate. 


The activation energy values determined by Microchip 
Technology agree closely with those published in the 
literature. For complex CMOS devices in production at 
Microchip Technology, an activation energy of 0.6 eV 
has been shown to be representative of typical failures 
on operating life. By definition, failure is reached when 
a device no longer meets the data sheet specifications 
as a direct result of the reliability test environment to 
which it was exposed. Common failure modes for 
CMOS integrated circuits are identified for each test 
environment. 


To establish a field failure rate, the acceleration factor is 
applied to the device operating hours observed at high 
temperature stress and extrapolated to a failure rate at 
55°C ambient temperature in still air. 


The actual failure rate experienced could be consider- 
ably less than that calculated if lower device tempera- 
tures occur in the application board, such as would be 
the case if a fan, a heat sink, or air flow by convection is 
used. 


Environment Typical Failure Mechanism 


Operating Life Process parameter drift/shift 
Metal electromigration 
Internal leakage path 
Lifted bond/ball bond chip-out 


Temperature Cycle Lifted bond/ball chip-out 
Cracked die or surface cracks 
Bond pad corrosion 















Biased-Humidity Internal circuit corrosion 


Autoclave Inter-pin leakage 


Charge loss 
High Temp. Bake Charge loss 


High Temp. 
Reverse Bias 


Charge gain, Parameter 
drift/shift 





DEFINITIONS 


FIT (Failure In Time): Expresses the estimated field 
failure rate in number of failures per billion power-on 
device-hours. 100 FITS equals 0.01% fail per 1,000 
device-hours. 


Operating Life Test: The device is dynamically exer- 
cised at a high ambient temperature (usually 125°C) to 
quickly simulate field life. Derating from high tempera- 
ture, an ambient use condition failure rate can be calcu- 
lated. 


Temperature Cycle: The devices are exposed to se- 
vere extremes of temperature in an alternating fashion 
(-65°C for 15 minutes, 150°C for 15 minutes per cycle). 
Package strength, bond quality and consistency of as- 
sembly process are stressed using this environment. 


Biased-Humidity: Moisture and bias are used to accel- 
erate corrosion-type failures in plastic packages. The 
conditions include 85°C ambient temperature with 85% 
relative humidity. Typical bias voltage is +5 volts and 
ground on alternating pins. | 


Autoclave (pressure cooker): Using a pressure of one 
atmosphere above atmospheric pressure, plastic pack- 
aged devices are exposed to moisture at 121°C. The 
pressure forces moisture permeation of the package 
and accelerates related failure mechanisms, if present, 
on the device. 
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Thermal Shock: Exposes devices to extreme tempera- 
tures from -55°C to +125°C by alternate immersion in 
liquid media. 


Retention Bake: A 150°C temperature stress is used to 
accelerate charge loss in the memory cell and measure 
the data retention on the EPROM and EEPROM por- 
tions of the circuitry. 


HAST: Moisture, extreme heat and bias are used to 
accelerate corrosion and contamination in plastic pack- 
ages. The conditions are 130°C and 85% relative humid- 
ity. Typical bias voltage is +5 Volts and ground on 
alternating pins. . 


RELIABILITY CONTROL SYSTEM 


A comprehensive qualification system ensures that re- 
leased products are designed, processed, packaged 
and tested to meet both design functionality and strict 
reliability objectives. Once qualified, a reliability monitor 
system ensures that wafer fabrication and assembly 
process performance is stable over time. A set of 
baseline specifications is maintained that states which 
changes require requalification. These process changes 
can only be made after successful demonstration of 
reliability performance. This system results in reliable 
field performance, while enabling the smooth phase-in 
of improved designs and product capability. 


RELIABILITY CONTROL SYSTEM DIAGRAM 


¢ Design objectives/ 
specifications 

¢ Testability goals 

¢ Reliability requirements 

e Process/packaging 
requirements 

¢ Design guidelines 

Design: 

¢ Functional models 

¢ Logic design & verification 

e Circuit design & verification 

e Layout design & verification 

¢ Prototype verification 

¢ Performance characterization 

Develop (as required): 

e Wafer fabrication processes 

e Package/packaging 
technology 


SN 


aN 


ee es 
cee 


ambient 


Confirm design objectives 
using qualification tests: 
e Operating life, 125°C 


¢ Temp-cycle, -65°/150°C 

e Thermal shock, -65°/150°C 

e ESD ,+2000VHBM — 

e ESD ,+ 100 V MM 

e Latch-up (CMOS devices) 

¢ Biased-humidity, 85°C/85% 

e Autoclave (pressure 
cooker) retention bake 





RELIABILITY DATA SUMMARY 


Introduction 


_ This section provides a reliability summary of Microchip 


Technology's product. Included is reliability data and 
packaging information obtained over the recent past. 


Plastic Package Characteristics and Codes 


As part of an on going product program, Microchip 
Technology will apply its Quality and Reliability process 
in evaluating the latest developments in plastic packag- 
ing technology, and implement the highest reliability 
materials and assembly techniques. The plastic pack- 
ages that are currently available from Microchip are 
listed in the table below. 


Package Description Identification Code 
| Identification Code | 


Package Description 
Plastic | aadiless Chin C 


eI EI he WI EALMELS LIL YE OE WIA 


Plastic Dual In Line (600) 
Plastic Dual In Line (300) 
Plastic SOIC (.150) 
Plastic SOIC (.207) 
Plastic SOIC (.300) 
Plastic TSOP (8 x 20mm) 


Plastic SSOP (.207) 


Assure Outgoing Quality Level: 

e Design release document 

e Baseline wafer fabrication process 

e Baseline assembly process 

¢ Qualification release 

e Enter device to specification system 

¢ Wafer-level reliability controls 

e Assembly reliability controls 

e Early failure rate sampling 

e Reliability monitoring 

¢ Statistical process control feedback 

e Audit specifications 

e Analyze returned failures 

e Requalify devices as needed for 
major changes such as ESD resis- 
tance enhancement, cost reduction/ 
die shrink, process improvement, and 
new package types. 
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HIGH TEMPERATURE (125°C) DYNAMIC LIFE TEST 
Graph set for EEPROM, PIC16/17 and EPROM for all conditions 


High temperature dynamic life testing accelerates ran- tions. Voltage bias and address signals are used to 
dom failure modes which would occur in user applica- exercise the device ina manner similar to user systems. 
EEPROM DYNAMIC LIFE EPROM DYNAMIC LIFE 
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PIC16/17 MICROCONTROLLER 
DYNAMIC LIFE 
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DATA RETENTION BAKE 


Data storage in applicable devices is done by develop- 
ing acharge on the floating gate structure in the memory 
cell. Charge loss in this cell structure results in a conver- 
sion of zeroes to ones. In order to evaluate the level of 


_ EEPROM RETENTION BAKE 
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FIT Rate (FITs) 


50 





1990 
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PIC16/17 MICROCONTROLLER 
RETENTION BAKE 
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FIT Rate (FITs) 
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NOTE: Representation of reliability data typically shows 
calendar year grouping along the x-axis, except for 1993 
which includes only first, second and third quarters. This 
provides the equal time interval normally expected for 





this type of failure, devices are subjected to a 150°C 
bake. This bake accelerates charge loss in the memory 
cell and 1000 hours at 150°C is equivalent to approxi- 
mately 13.5 years in the field at 55°C. _ 


EPROM RETENTION BAKE 


150 


100 


FIT Rate (FITs) 


ar 
o 








1990 
1991 
1992 
1993 


graphical presentation. However, Chi-square statistics 
demand equivalent device-hours for fair interval com- 
parison. Such data grouping assures that relatively 
small sample sizes do not indicate unrepresentative FIT 
rates. 
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BIASED 85°/85% R.H. 


Microchip Technology evaluates plastic encapsulated 
devices ability to withstand high temperature, high hu- 
midity environments while under electrical bias. This is 
done by utilizing the industry standard test method 
known as 85/85. This stress is designed to create 
corrosion of the metal or internal device leakage if ionic 
contaminants are present but also may cause charge 
loss in memory cells. 


Operating Hours 
package 24 504 1008 


168 
[PDIP | ams0e | 1566] vas06 | o564 














PCT (AUTOCLAVE) 


Originally, this test was designed to evaluate corrosion 
of bond pads due to penetrating moisture combining 
with contaminant residue on the metal surface. The 
corrosion failure rate for this test has become nearly zero 
and a new failure mode has surfaced. This is memory 
cell charge loss due to moisture penetration along the 
floating gate allowing a conduction path for removal of 
stored charge. This moisture path is between the seal of 
the metal and the passivation which can then be traced 
to the substrate near the edge of the floating gate. This 
failure type is the primary mode in the data provided. 


Operating Hours 
package 168 


24 
| PDIP 0/8147 4/8147 
PLCC 0/3322 0/3322 


SOIC 0/6464 7/6464 






TSOP 0/142 1/142 


TEMPERATURE CYCLING 


This thermal tests evaluates air to air rapid temperature 
change evaluating built in material stresses. This is a 
worst case simulation of system power up/ power down 
and is based on stringent military packaging require- 
ments. 


Operating Results 
package 15 cycles 500 cycles 


| pop | oz0s4 | 5/2084 


THERMAL SHOCK 


Thermal shock is the most extreme case of tempera- 
ture cycling by using liquid immersion for the tech- 
nique to change the device environment. This 
accelerates any stress related failures with the rapidly 
changing gradient. After the temperature stressing a 
constant force centrifuge test is also preformed prior 
to final electrical testing to further uncover any defects 
that may have occurred under stress. 















Operating Results 


package 15 cycles 


500 cycles 


0/2314 
6/878 
0/1090 


0/96 
0/94 





HAST (130°/85% R.H.) 


Highly Accelerated Stress Testing evaluates plastic 
encapsulated devices’ ability to withstand extreme high 
temperature, high humidity environments. while under 
electrical bias. This is done by a new method known as 
HAST. This stress is designed to create corrosion of the 
metal or internal device leakage if ionic contaminants 
are present but also may cause charge loss in memory 
cells. | 


Operating Results 
package 24 hours 168 hours 


| poi =| —_-1/2192 0/809 
PLCC 2/527 0/281 
SOIC 0/976 0/488 
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PRODUCT RELIABILITY DATA 















































ne 
co Mela eed ened 
60% CL @ 55°C 
PIC16C57 0/9350 | 2/9350 0/4400 | 0/4400 2 5,266,800 | 14 
PIC16C56 0/6511 | 0/6511 0/2601 | 1/2601 1 3,278,688 15 
PIC16C55 0/8066 | 1/8066 1/4256 | 1/4255 3 4,929,624 — 20 
PIC16C54 1/11509 | 0/11508 | 3/6569 | 1/6566 5 7,449,816 20 
PC16C84 0/607 0/607 0/555 0/555 0 568,176 39 
PIC16C71 0/304 0/304 0/304 0/304 0 306,432 72 
PIC16C57 0/10308 | 0/10308 | 1/2218 | 0/2217 1 3,594,360 5 
PIC16C56 0/7888 | 2/7888 0/1615 | 0/1615 2 3,187,800 8 
PIC16C55 0/8959 | 0/8959 1/2633 | 1/2632 | 2 3,716,328 7 
PIC16C54 0/12690 | 0/12690 | 1/4024 | 0/4023 1 5,511,576 3 
0 
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0/14842 
2/5308 
0/9161 
0/3941 
0/1915 
1/4498 

2/12649 
0/5472 
0/7778 
0/4729 
1/3248 
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27HC256 0/1933 
270256 1/8517 
270512 0/2815 
27HC256 0/2192 
270256 2/8513 


270512 2/2406 


Operation Legend: DLT 
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Operating Hours 


Msc sas Mel Roll al ad 





sencrateateenneteneei 


0/14842 
4/5306 
3/9161 
3/3941 
0/1915 
1/4497 

1/12647 
0/5472 
0/7778 
0/4729 
1/3247 
3/3222 
oe 


ee 


1/1933 
4/8516 
4/2815 
5/2192 
3/8510 
13/2404 


0/485 


1/4360 
0/1989 
2/6132 
3/1811 
0/765 
0/2127 
1/2840 
0/1045 
0/3484 
0/2527 
2/607 


1/859 


0/1013 
0/1569 
0/954 
0/532 
0/2193 
1/380 


- Dynamic Life Test (125°C) 


Bake - Retention Bake (150°C) 





0/485 


3/4359 
0/1989 
3/6130 
2/1808 
0/765 
0/2127 
2/2839 
0/1045 
1/3484 
0/2527 
1/605 
1/858 





0/1013 
0/1569 
0/954 
0/532 
1/2193 
2/379 






aaoscowcenon| 








488,880 






FITs 
60% CL @ 55°C 
6,155,352 
2,562,216 
6,688,920 
2,181,816 
964,320 
2,542,200 
4,510,008 


1,797,096 
4,233,264 
2,917,152 
1,054,392 
1,262,352 


—_i, 


FITs 
60% CL @ 55°C 


1,175,664 
2,748,672 
1,274,280 


815,136 
3,271,872 
722,616 
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EEPROM Endurance 





INTRODUCTION 


A unique feature of non-volatile memory devices is the 
dual requirement both to change and to maintain data 
states. It is this combination of requirements that pro- 
vides the contrasting nature that defines the complexi- 
ties involved in change and maintaining such change. 
Anything that enhances the physics to allow a data state 
change in contrast degrades the retention of that change. 
It also holds that any retention enhancements inhibit the 
data changing capabilities. A balance must be struck 
between the combinations to achieve the field require- 
ments of customer applications. 


Erase/Write cycling has many variables which greatly 
effect the lifetime of the device. To accurately make 
comparisons between specifications and the actual re- 
quirements, or any other comparisons, these factors 
must be well understood and taken into account. 


TECHNOLOGY OVERVIEW 


Silicon Technology 


The basic technology employed by Microchip Tech- 
nology for EEPROM’s is a FLOTOX structure as 
drawn below. This is a an industry standard architec- 
ture base which has been enhanced by Microchip to 


Memory Celi Gate 


inter-Level Dielectric 


90 ANG Td Oxide 


Memory 
Cell Gate 


provide improvements to the quality and reliability of 
the devices produced. 


Circuit Technology 


These cells are then structured in either an 8 or 16 bit 
word organization for data storage with between 32 
words (256 byte device) and 8K words (64K device) 
using standard binary decoding schemes found industry 
wide on memory devices. Data can then be transmitted 
either into the device for storage or read from the device 
when needed along a single DATA pin. The device has 
no restriction on the number of read cycles that can be 
processed per byte without damage but the storage 
process does have finite limitations. 


Currently two different schemes of error correction are 
being utilized on Microchip EEPROM’s. The 24CXX, 
93CXX, 85CXX, 59CXX and 28CXX device types utilize 
amodified Hamming code redundancy scheme with four 
parity bits per eight bit byte. This has been the industry 
standard correction scheme for enhancement of cycling 
lifetimes by eliminating single bit per word errors. An 
alternative approach has been developed utilizing an 
AND cell concept of redundant memory cells. This 
further enhances the write/erase lifetime over the Ham- 
ming code and has been implemented on the 24LCXXB 
and 93LCXX circuits. 


Row Select Transistor 





1.6 volts 18.0 volts | 0.0 volts 0.0 volts 
Row Select Gate 5.0 volts {| 20.0 volts | 20.0 volts | 0.0 volts 
Memory Cell Gate | 5.0 volts 0.0 volts | 20.0 volts | 0.0 volts 
Common Source 0.0 volts Float 0.0 voits 0.0 volts 
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Reliability Endurance 


The endurance failure rate curve for the Microchip 
devices is presented in the standard form for this curve 
from EEPROM FLOTOX manufacturers. Microchip does 
write/erase cycle all EEPROM devices priorto shipment 
to remove the infant mortality endurance failures from 
the population. This characteristic curve, with two failure 
increase sections, is shown below for reference. Both 
sections have single bits failing as the dominant mecha- 
nism. : 


The first of the failure increase sections is usually related 
to breakdown of oxides from latent oxide defects that are 
inherent to any process. These oxides have reached a 
time dependent dielectric breakdown condition and per- 
manently rupture. This generally characterizes the first 
200K write/erase cycles under any conditions. The 
second curve is the standard trap up of electrons within 
the tunnel dielectric which closes the write/erase thresh- 
old window until the device no longer adequately pro- 
grams or erases. 


This curve depends on multiple parameters, but the trap 
up failure increase portion often does not occur until one 
million write/erase cycles or greater. 


The first failures from endurance cycling and the long 
term end of life failures are due to different mechanisms. 


The failures from 200K to 500K cycles have historically 
been attributed to “fast trap up” around the industry. 
Analysis at Microchip has shown that these failures are 
not actually trap up but oxide breakdown in nature. They 
most often manifest themselves as single bit charge loss 
or charge pump failure, both due to the formation of a 
conductive path within the gate oxide layer. 


These oxide breakdown failures can be related to de- 
fects of three types of categories. 


Type 1 is a residual chemical stain left behind on the 
wafer after processing due to an inadequate rinse. 
These are very difficult to physically detect and are best 
inferred from a pattern of bits (a bit cluster) that fail. 
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ERASE/WRITE CYCLES 





Type 2 is a physical defect which can be found upon 
microscopic or SEM analysis resulting in the failure. This 
is most often a particle, polysilicon nodule or metal short. 


Type 3 is a physical defect with low activation energy 
that cannot be detected until end of life evaluation 
because of it’s change in state (subsequent consump- 
tion) during latter processing steps. 


The end of life mechanism is called “oxide trap up”. This 
is where the tunnel dielectric oxide layer loses it’s ability 
to pass charge and begins to retain some portion of the 
charge that it passes to the floating gate. These excess 
electrons within the oxide act as a charge shield, result- 
ing in insufficient charge movement while significantly 
raising the voltage required to continue transmitting a 
constant charge level. Since the programming voltage is 
not adjustable this results in less charge movement for 
either the write or erase state. These states, whether 
charged negatively or charged positively, approach a 
central point and become indistinguishable to the detec- 
tion circuitry of the device. This results in a failure to read 
ine Correct pattem, (impossibie to distinguish between a 
programmed one and a programmed zero) beginning 
with the extreme voltage values of the operating speci- 
fication. 


MEASUREMENT OF CYCLING 


Microchip Technology defines a device lifetime in the 
strictest sense, that is, stated lifetime has to exhibit the 
truest correlation to customer results. All units shipped 
from Microchip have Error Correction circuitry engaged 
for customer use. Error Correction amends any one 
error per byte for Hamming and one error per bit for AND 
cell which allows the device to read correct data. An 
endurance failure is determined when any one bit is not 
capable of being correctly written and maintained in that 
state indefinitely... 


The device lifetime is defined when a specified percent- 
age of devices, (Microchip currently uses a cumulative 
2.5 percent), have a customer detectable error under 
worst case operating conditions. 


Ongoing monitors are acquired from every wafer lot of 
material manufactured for shipment. Samples are sub- 
jected to byte cycling of a checkerboard pattern at 85°C 
in rapid succession to the specified number of guaran- 
teed cycles. These units then are baked at 150°C for 48 
hours in both checkerboard and inverse checkerboard 
forms and electrically tested to ensure that data sheet 
requirements are met. This data is accumulated ona 
monthly basis and reviewed to measure both results of 
continuous improvement programs and conformance 
against the device standards. 
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ENDURANCE VARIABLES 


a. Temperature: Within the FLOTOX technology, tem- 
perature has an inverse effect on the endurance of a 
EEPROM device. The activation energy of these cycling 
failures is approximately 0.15 eV. The long term trap up 
portion of the curve is worsened by temperature to a 
greater extent than the early fails due to the difficult 
failure mechanisms that are activated. 


b. Delay between cycles: This has been reportedin the 
industry as having an enhanced effect on the lifetime of 
EEPROM devices. For some technologies this does 
have a positive effect, however, this is not strictly the 
case for FLOTOX manufacturers. While the second 
failure rate increase period (associated with end of life) 
may be impacted by this due to a decreased rate of 
electron trapping, the first failure rate is actually not 
impacted by this variable. 


c. Write timing The decrease in write time to the device 
correlates directly with write/erase cycling failure rate of 
the device. This shorter pulse reduces the cell time at 
voltage which then provides an enhanced life prior to the 
occurrence of a time dependent oxide breakdown. It 
also passes fewer electrons through the oxide providing 
less potential trapping possibilities while maintaining 
adequate margins for the written state. 


Please note that the rise time of the signal, which the 
customer does not have control over is also a dominant 
effect. 


d. Vcc voltage The higher voltages generate higher 
fields within the device. This causes more stress which 
is offset by the operational increase of intemal timers 
and actually shortens the write time of the device. 


Lower voltages this has the opposite effects on the 
individual parameters except in cycles obviously where 
the write timer is externally controlled. This overall effect 
is minor compared to the others in magnitude on the 
failure rate curve and is variable over the customer 
operating range with a maximum at Vcc=5.5 Volts. 


e. Pattern effect The pattern that is programmed in the 
device does play a first order role in the overall lifetime. 
The act of programming a non-volatile memory inflicts 
damage on the device that cannot be repaired. This 
damage is the result of exposure to high electric fields 
which over a period of time either breakdown or trap up 
the effected oxide causing failures. The act of writing a 
cell from a one to a Zero provides the maximum amount 
of stress by exercising the charge pump and passing 
electrons through the tunnel dielectric. (Please note that 
to write a zero even from a zero state causes an 
automatic byte erase prior to the write converting the bit 
to aoneand returning it to it’s original state!) Conversely 
writing a one from a one then passes no charge through 
the cell and therefore does no damage to the cell but 
does stress the charge pump. 


From an array standpoint, this would allow a checker- 
board/ inverse checkerboard patterned device to en- 
dure twice the number of write cycles that an all zero 


patterned device would last. In general this appears to 
be approximately correct but does neglect the charge 
pump and other peripheral wearout mechanisms. 


f. Cycling mode Three modes exist in Microchip de- 
vices that are primarily used for endurance evaluations. 
The byte write mode (one single byte written at a time) 
is the standard mode used by the customer in the field 
as well as the method of monitoring that has been 
chosen internally. This is to best estimate field lifetime 
expectations and actual failure rates. A second tech- 
nique exists called block mode which exercises all the 
cells of the array simultaneously. The lifetime expecta- 
tions are approximately twice as long for these block 
cycled devices as equivalently cycled byte cycled cir- 
cuits based on experimental findings. This effect has 
been traced back to the rise time of the programming 
signal at the memory cell. The faster this voltage rise 
occurs, the more damage occurs and the shorter the 
lifetime. The block mode has a much slower rise time 
given the entire array being utilized provides a much 
larger resistive/capacitive load which slows the signal 
rise ultimately resulting in the greater lifetime. Please 
note that the page mode which can be utilized by the 
customers falls between the block and byte modes with 
respect to failure rate. 


g. Array Size This effect is a direct result of how fast 
most devices will fail due to a single bit not working 
simply due to the number of bits involved. This is not 
exactly double the failure rate with a doubling of the 
memory size since some circuits fail within the charge 
pump or decoding circuitry sections and are therefore 
not directly related to array size. 
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FIELD RESULTS 


Microchip Technology, after significant experimenta- 
tion, has developed a model of the Endurance failure 
rates as a function of all the variables listed above. This 
model is available to the customer in the form of a 
diskette called Total Endurance™. This allows the cus- 
tomer to bypass confusing information and conditions 
other than their application and directly predict the 
failures seen in their application conditions within a few 
percent. This also allows the customer to adjust operat- 
ing parameters and immediately evaluate the impact on 
the results of the final system. Results for a typical 
application (obtained from the Total Endurance model 
are listed at right for reference). | 


Device Life Percent 
24C02A 10 years 1 PPM 
24C04A 10 years 2 PPM 
93046 10 years 1PPM 


93056 10 years 1 PPM 


24LC02B 10 years 1 PPM 
24LC04B 10 years 1 PPM 
24LC16B 10 years 512 PPM 
93LC46B 10 years 1 PPM 
93LC56B 10 years 1 PPM 





Typical conditions used are 25°C, Byte mode operation 
with 24 cycles per day, Vcc=4.5 Volts with a random 
pattern writing one quarter of the array at each occasion. 
The failure rates quoted are the expected failure rate at 
the end of the application life using an unlimited number 
of read cycles. For more information on Endurance, it is 
recommended that the user obtain a copy of Total 
Endurance. 
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Commercial/Industrial Outlines and Parameters 





COMMERCIAL AND INDUSTRIAL PARTS Examples: 
Part Number Suffix Designations: 27C256T-15VJ 


XXXXXXXXXK - XX X/XX XXX PIC16C54-RCI/SO 


| L ROM Code or Special Requirements 
Case Outline 


D = Ceramic 

J = Cerdip (with window if EPROM) - all product except Microcontrollers 
K = LCC (Ceramic Leadless Chip Carrier, not thermally enhanced) 

L = PLCC (Plastic Leaded Chip Carrier) 

P = Plastic 

S = Die in Waffle Pack 

W_ = Die in Wafer Form 

CB = COB (Chip-On-Board) 

JN = = Cerdip, no window - for Microcontrollers only 

JW = Cerdip, windowed - for Microcontrollers only 

PQ = PQFP 

SJ = Skinny Cerdip 

SL = 14-Lead Small Outline .150 mil 

SM = Small Outline .207 mil 

SN = Small Outline .150 mil 

SO = Small Outline .300 mil 

SP = Skinny Plastic Carrier 

SS == Shrink Small Outline Package 

TS = = Thin Small Outline (TSOP) 8mm x 20mm 

VS = Very Small Outline (VSOP) 8 x 13mm 

Process Temperature 

Blank = 0°C to +70°C 

| = -40°C to +85°C 

E = -40°C to +125°C 

Speed Frequency Crystal Frequency Designator 
(EPROM / High for PIC16/17 Microcontrollers 
Density EEPROM) 

-55 = 55ns Blank = 20.5MHz LP = 4us-Low Power 

-70 = 70ns -14 = 14.4MHz RC= 2us- Resistor Capacitor 

-90 = 90ns -25 = 25.6MHZ XT = 1yps- Crystal 

-10 = 100ns -32 = 32.8MHz HS = 20 MHz - High Speed Crystal 
-12 = 120ns -10= 10 MHz - High Speed Crystal 
-15 = 150ns -04 = 4 MHz - Crystal or RC 

-17 = 170ns -16 = 16 MHz - High Speed Crystal 
-20 = 200ns -20 = 20 MHz - High Speed Crystal 
-25 = 250ns -25 = 25 MHz - High Speed Crystal 
OPTION 

- = twce=ims 

F = twce=200us 

X = Rotated pinout 

T = Tape and Reel 

Device Type (Up To 10 Digits) 

C= Indicates CMOS 

LC = Indicates Low Power CMOS 

AA = 1.8V 

LV = Low Voltage 

HC = High Speed 


LCS = Low Power Security 


a 
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SECTION 1: HERMETIC 


A. Ceramic Side Brazed Dual In-line Package ("D" Case Outlines) 


Symbol List for Side Brazed Package Parameters ...............:ccscesssssssceceeeeeeseseseneeeneeseenesenees 11-1-1 
8-Lead; Side. Brazed:: GOO Mil sick si cecc secescics das seresassdasve caxeeesesdivaucevsocacavscuevoyssucstecswssqbanseoute sees 11-1-2 
14-ead, Side Brazed:, SOO Ml ocncicisias doce. cevsiadenia cases ceciecaaeocicck suas Seabunach Wudshusaebeardsecdanseesetenees 11-1-3 
16-L6ad. SIG BraZeOd: GOO MU scssicdcscocévccsssavccuasevacencssensecessiecasssknddesscaddeviscseasiavenaniasecsousesdeesds 11-1-4 
18-Lead, Side Brazed: SOO Mil cis svccascvissaucevseatscovias ss esectad derives vcanvewacseesduniesteiaseledcweasareeencaente 11-1-5 
22-.ead, Side: Brazed,. 400 Millacsad.cesaecie feecsiicte tiesto ts ncaa aceet ce ates cate civ ceases 11-1-6 
24-Lead. Sidé Brazed.: GOO Cll sicscsesececdgceesiceiaveoaecesVadsbaceuesdouessekoilesertaueedeessadeunieivasertusatsiaeares 11-1-7 
24-Lead, Side Brazed, 600 mil, WiINGOW ..................c:ccccsssscecccceseeccssssccenteceseceecsasseceeeecuscsceuess 11-1-8 
28-Lead; Side BraZed GOO Will aissssassscccvabyoctccsiecxesagueistennceacsadzecsvantsstdavtuncccacedsceboadecavatelenaisre 11-1-9 
28-Lead, Side Brazed, 600 Mil, WiINdOW ................ccccccssscecssscecescccnscensccessenssecosscrcestcnsecessenenes 11-1-10 
40-Lead: Side Brazed, GOO Wil sscicccsestecs tcdonccncceedasercseaseauceccueudectacasseeeeapsacvassvausonveswesssacweteseks 11-1-11 
40-Lead, Side Brazed, GOO mil, Window ..................ccccceceseessssssssssecssccncncccecenseeccseneseseeeseeeeeees 11-1-12 
48-Lead. Side Brazed, GOO Mil ccsecccsciescsccssavarecacdiceccssddancsawiscoseacssashaasunecoasdescadssaccsadeuleiwiceasens 11-1-13 
B. Ceramic Cerdip Dual In-line Package ("J, JW, SJ" Case Outlines) 
Symbol List for Cerdip Dual In-Line Package Parameters .................scsssssssesessesesssessessceeseees 11-1-14 
S-Lead, Cerdip; S00 Mil sis isccccsecesccetccecacevers cats deeccvesevecssesaxtaneciessadcastendetivcnceetavcasassonseneetieetwtes 11-1-15 
16-Lead: Cerdip;, 300 Mill si cesccceaxsscesecccewascnsesedacsceseusecosesuasensecncedcdckatvwdesssteacse deectidadetencdecsyecees 11-1-16 
T8-Lead: Cerdin;- SOO TWN vs seccscccseccedusecheneestesccsneated ss cadeerecse eaten eocadecnacucncesetadbeosseleedaces aia .- 11-1-17 
16-Lead: Cerdip,; S300: mill), WIRGOW sésccoscisccczcscancecsuatecesestaescnasasdins con adiuceceeyoaSecnictsaveussiediunanndieae 11-1-18 
22-|-6ad, Cerdip, 400 With ss cszscsscssavececedss cased sobeesias ecadepopsnenesedcs sacdta tiaiwad teiaseeaocasvexeetiatacesteeemsecag 11-1-19 
24-Lead, Cerdip:: S00 mil scckcseccocccceel ces eects ck ictee isn canleveneccaceseseevancedceatdesaveveisinastaacsaveobicenceets 11-1-20 
24-Lead, Cerdip, 300 mil, Window ...................sssesssscssececcececcccsecceececcscceacanssssssssesseseacecessesonees 11-1-21 
24--6ad,; Cardip; GOO MW aisccecis ey cdevsevcesetadedniwenneatecssireente ale neste ie ae eee 11-1-22 
24-Lead,.Cerdip; G00: mil, WINGOW a: cccssvessecsen che caaves htcasesdatceaveadete sis sccm elec neeieecmneceieeeieeiaiss 11-1-23 
28-Lead, Cendin: GOO MI xcsccsaccctccsycctesees dees etc ucncs pecuilawade iessaiaresateuciab ceed ncantadstecreenig eedenstnetes 11-1-24 
28-Lead, Cerdip, 600 mil, WiINdOW ...............cccsssssscesssscscsssescccesensacccsscnssseeeeeeesscesseeececeessneeeees 11-1-25 
A0-L6ad/ Cerdin GOO Millisiictescaccecevacicxccccoscccsacnseteaseviaseaedonusaneansadoacaneseanauareseesastinteodea Gacewecanins 11-1-26 
40-Lead, Cerdip, 600 mil, WINGOW ..................ccccessssecccceececcecceccceenscesecnancensnssseseeceeeereeeesaeeonnes 11-1-27 
C. Ceramic Flatpack 
Symbol List for Ceramic Flatpack Package Parametefs .............cccsssssstccsecceesessnececnereeesenes 11-1-28 
BGC iced ccaucses caecunsenucucssdes sean ten was tneuautecsbeate cuca ceesiscua dusts tnndeadeseweatancgauasiweceuivazesuesaaeeseaevaneces 11-1-29 


D. Ceramic Leadless Chip Carrier (Surface Mount Package, “K" Case Outlines) 








Symbol List for Ceramic Leadless Chip Carrier Package Parameters .................cssseesssseeees 11-1-30 
PE-LE AG (SGUALC) sc ccsvaccirasneccacccasasnsascsnvestaassbonaseecesaseateuadeateanasaveieesaceMaciaidvandemeasotacavecdadidazayeas 11-1-31 
28-Lead, WINDOW (SQUAIE) evecscsosceccecccdancssuncacaavesbedssenadueciuectbeucunedsntad Aoesass sadebvecingeteranncleeecet 11-1-32 
B2-LCAG (RECITANGIC) ea coxcsess aay cosncashaccenen tea setcaevesocaces iesswsssta aducacesuctsauseyessaevuwiaternedsevtudlaisanass 11-1-33 
s2-Lead; FRU (REC le) s xaict ccs aicceceuseneskcectoucceasdasdeue sec cts vusessuvies seecausceteeaase Jat cayccst deceseaces: 11-1-34 
32-Lead, Window (RECLANGIE) ai. csccesscesssscessbecevidecacealavensadeaueusvucectstnccaanteetaanecseecudetscasvondcasseets 11-1-35 
32-Lead, FRIT- Window (REctangle) acvissceccccds esecceyepcccccazsteecesapenerd at ceastasced sscaatdedscceces aecenseseas 11-1-36 
A480 (SQUaC): x. cavcacesspsvedeseveslovdacucceuace ozs vend, savsaaaaiacausexousesdeacetaedsecsasvaisbaseanseauvdtenumectaatens eats 11-1-37 
E. Ceramic Leaded Chip Carrier (Surface Mount Package, "JL" Case Outlines) 
Symbol List for Ceramic Leaded Chip Carrier Package Parameters .................sccscssccsccceceees 11-1-38 
GG-LGAd CWINGOW) sese25 cst ess vs cacecdetaxcacaededesavwaceuedscavadagessduececslssiudbesteutechsesdeceesstcsenbaenaccebeaseuadesiens 11-1-39 
B4aSAG (VV INGOW) cs scnasnash cas cnpecveteatcca ved ecouske ck sa netenessseanseacasiecusshestusaadssyacavecteacupeeareusstaagseetaane 11-1-40 
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SECTION 2: PLASTIC 


A. Plastic Dual In-Line Package ("P, SP" Case Outlines) 


Symbol List for Plastic Dual In-Line Package Parameter ................:::sscssseceeesessneencececeeeeeeees 11-2-1 
BALSA: SOO HM cos sshed secesacowusetnvonadssaisslsancanencave ce wean segs emawenneeea esas canes» usw paces leva uetad hin eaadoneanens 11-2-2 
1A-EO AG BOO WM diss eros teccsccnce en acsica la erceya nies ak can desaeaadetl a stoealitetanchoneaecesSeuZausevsatsqenesveiabaassecenaiese 11-2-3 
WG-ECAG; SOO Gils eicrstedestcusye vat ctct ss eskanoe eaerct needa coan eas cca los sats Oaraes tec seed awa caste Bowes sensacaeias 11-2-4 
PES BOO Il esiasctecececrcnce cesses: vatend ees soctexsieeen seins actu cue de sansusiscuustecduate suvevsevtansaseccseecdeatensannece 11-2-5 
PALA? AO Waren sesisssanns savas cess dataiccaiesacacoeedax eupeoetaauh vnsees cevouc ed esclosa tevtan dene Uasasdenddayuexstaueesetnces 11-2-6 
ZAC AG COO TI avesacisyetscastevsacswiay ieee ceuunsaudtucedecatea is aug eas vio ueud tasked restates iaiacelaaeciacna alone 11-2-7 
24a BOO Ml sescsserecds ceaseen sa cecettey snes ceevyanceeecaacolsayhcv uavceaueataccteteatyessueduaieeaaveasavesees dammed 11-2-8 
ZEAL OAC SOO TN vax otetaceta een c nanny colt cosa ietesee sd sucnwes vanes ueesoet aces ssancauge nave casuabyceapeteaned cesses 11-2-9 
2B-LOAG; GOO itl esses seas seamed aceaia sence setenshed ootss ens secasacsatiadaees deSuestsw soedelsc Meccapeavensauasaetans 11-2-10 
BOCA GOO VMN secees cesses seas Sateen tances rnecoceh cana te caseysiscccey tues er aeabtese teste pakaves tuarsuceseetotsdgeeKeistes 11-2-11 
AG -CAGs GOO Wey scexctistavy aces tee dasdeatesciodcvaelwcaeae cenwaiisonidedinsaccauyienes eceausbasaaa onan Wiedesseteuseediewises 11-2-12 
B. Plastic Leaded Chip Carrier (Surface Mount, "L" Case Outlines) 
Symbol List for Plastic Leaded Chip Carrier Package Parameter’ ...............s:scssssssssreecsessees 11-2-13 
PB-LGSAd (SQUARE) Secs lecsccsboaceaizcesacbahecsyespeacasececeaudaccs eaeesscsceseacaous sate seus aweatenkcbecsencecbecsceetenoveets 11-2-14 
BZ CAC CAECIANIGIE) ssiccssatereucctcccias cviict ves stewaeseapvasaivesaeuscendentuatiartvadveaconyovesgcensuadebecawencrenuaumeade 11-2-15 
AACA (SQUANE) sccsesscotccssaseticaccytetavevansacttepaeaeecbateeeanedtesicecaeilos si vancsasespeeeestastaxesvtuvausetecesacehe 11-2-16 
GBB Lead (SQUAIE) succes satsetscesecac tue dscaxasavecaws sche cateuti uralu even vacseva's aeasceeegsecceuniciscuglns casosseseueeaseetees 11-2-17 
B4-1:Sad (SQUAIC) ses cisecsdosgsicscceces acs vaceea ca ccanctasavanpadnaaccetyanetinaneees deacacmudescnenia oceans 11-2-18 
C. Plastic Small Outline (SOIC) (Surface Mount, "SN, SL, SM, SW, SO" Case Outlines) 
Symbol List for Plastic Small Outline Package Parameters ................scssssscessecessesssesnnneeeeees 11-2-19 
S-Lead;'150 mil (BOY) .seccrc cade es casas cei etaus aes vaca casts ee see ai Sea ti eaasouaecdaaSedstaScucccanstarscbecscstseet 11-2-20 
8 Lead: 200 Mil! (BOGY )iisssszecscecteacatvscatsladondsvicseus tenes iatinsdvaratalcxasvocaticsastscnduenesisiesiatiaestideavees 11-2-21 
14-bead, P50 Mil (BOY) ssc2 csscires nc tyise enreassahd cu vaxtletctesbsvenssssecesusussanucddatdesseacessivertedcatieesiauers 11-2-22 
18-Lead, S00 mil. (BODY) cccccscssvecsccteseasasdinaiawcc adesscangesaauaatuntuaudel ahrenceuucssvbaueaeaexiuctsanbiseresesaceess 11-2-23 
24-Lead; S00 Mil (BOY) sidecccen cascswuestacscrsoiace cdabilcriccecstunsvessshowsbewencaaVesastenvaxapheveuen seeeote dhaeasencanns 11-2-24 
2B VOAG: GOO UIE BODY) iiss 5c cass iteetvcaa tet ste cuetccunesveseetuciei es csnsiastsveudaacs vusaweietavethardavensasuatn yates 11-2-25 
28-1620 330 Mil (BOY) x iaccioiccses sees encuevenewesvunausdee bid cen aetdinnend eiveccobusbenasciacpivaanoaceasoesecsesstis 11-2-26 
D. Plastic Shrink Small Outline (SSOP) (Surface Mount "SS" Case Outlines) 
Symbol List for Plastic Shrink Small Outline Package Parameters ...................ccssseeeeceeneeeeees 11-2-27 
20-L.ead, 209 mil. Body (5. SOMUIM) sisi seasicasay sce cnsdieei cas deaveavotsecenspeacenatscsbas ta tageessuceganocseeteeasnateaes 11-2-28 
28-Lead, 209 mil. Body (5.SOMIMN) i .cicsccccsiesccecesecaisexssvacscvesesssascsonesdeckecsececk destcovsesuesscacessadssveees 11-2-29 


E. Plastic Thin Small Outline (TSOP) and Very Small Outline (VSOP) 
(Surface Mount, “TS" and "VS" Case Outlines) 





Symbol List for Thin and Very Small Outline Package Parameters ................:cecssseesseeseeceees 11-2-30 

28-Lead; (8 x 20mm) TSOP Type A ssdvecivesievanesivcdecvesecsicdccaasvestavaiiaaivaadeuaiiddncactseccuddedatads 11-2-31 

28-Lead,(8:x 13mm) VSOP Type i csascinscccavcaatisccesssercasrevedenaicsecieticseestusecsatasecasbiventdesiatuabseads 11-2-32 
F. Plastic Metric Quad Flatpack (MQFP) (Surface Mount, "PQ" Case Outlines) 

Symbol List for Plastic Metric Quad Flatpack Package Parameters .............::scssccesssecserseees 11-2-33 

44-Lead, (10x10mmM) Body 1.6/0.151MM ...........:ccsscsssscececescssseceesecssscecceeceeseecessessseeseeeseasesenes 11-2-34 
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Packaging Diagrams and Parameters 





Ceramic Side Brazed Dual In-line Family 






Symbol List for Ceramic Side Brazed Dual In-line Package Parameters 


Symbol Description of Parameters 


Angular spacing between min. and max. lead positions measured at the gauge plane 





> 


Distance between seating plane to highest point of body (lid) 









= 


Distance between seating plane and base plane 


ha | Distance rom base plane io highest pohtofbody @@) 
no | Basebody these 
© | Thickness oftemnalleeds 
ex [nea spacing of rue minimum lead poston center ine o canterine 
c= | Linea spacing betwoon ro lead poston ouside of ead outside offend 
a1 | Lneer spacing between corer ines of body stares Qerinal lade) 
|| Distans tromseaing plane toendotieed CS 


Distance from true position center line of Number 1 lead to the extremity of the body 
S1 Distance from other end lead edge positions to the extremity of the body 


Notes: 

1. Controlling parameter: inches. 

2. Parameter “e," (“e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "B," is nominal. 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Ceramic Side Brazed Dual In-line (300 mil) 


N 


“ AA 
Pin No. 1 4 eA . 
Indicator | ' eB | 
_Area 





Seating ——»> 


| 
Plane | || i L | 
2 —>| e1 j<—— | Ai A3 A A2 
B 















Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters pinches 


min [Max win [Max 
a ee 
) 
| 0.635 | 4.143 .143 









[Notes [Notes 
ees Samer 
3302 | 3937 | ||. 155 [| 
ee ro 
[0080 [oso | 
ize | 2ata | | 0070 | 0085 | 
To4oee | oss | | oote | ooo | 
Tiare | 19716 | typieat | 0054 [0054 | Typical 
Typical 


: 

Trsooe [rearte| ——~d|oste | ose | 
[741s | 7.0202 | Reference | zee | 0.200 | Reference 
Trsee | ezz05 | ——+| oa | osm | 
[rave_| 760 | | 0200 | oaw [ 
[ree [sae | —*| ooo | oso | 
| 3302 | 3810 | | otz0_— |S t50 | CS 
[Ts |e | | es | «| 
[ase | ao | | o1oo | ora | _ 
Dow | - [| | - | 


A 
At 
A2 
A3 
B1 
Cc 
E1 
e1 
eA 
L 
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Packaging Diagrams and Parameters 





Package Type: 14-Lead Ceramic Side Brazed Dual In-line (300 mil) 


N 


Pin No. 1 
Indicator 
Area 






















Package Group: Ceramic Side Brazed Dual In-line (CER) 


[| Millimeters | Inches 
| min | Max | Notes | Min__| Max | Notes 
ee ee ee Oe = 0) 2 
| 3.302 | | 0130 | o1e0 | | 
| ocas_| 

roe 


Symbol 


3.302 0.130 0.160 


eee 
| acca | , 

oes | ia | | 00s | oo | 
| 2032 | 274 | | 0080 | 0110 
| 17a | 243 | | 0070 | oo | 
| 04064 | o5oe | | oore_| oo | 
| 1e79e_| 192278 | | rao | o7s7 | 


| 0300 | oss | 


D 





A 
A 
A 
A 

Cc 
E 
e 


a ir 
“ros | 75602 | | 0278 | ose | 


| 7620 | 9652 | ~~  ~| 0300 | o380 | 
| 3175 | aii | | ots | ores | 
ee ee ee ee ee 
ee eee eee es oe eee 
[spor | - | | eos [ - [| 


1 
2 
3 
1 
1 
A 

L 
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Packaging Diagrams and Parameters 





Package Type: 16-Lead Ceramic Side Brazed Dual In-line (300 mil) 


Pin No. 1 
Indicator 
Area 


S 
Base 


Plane \ 


Seatinad —» 
Plane 














: Ceramic Side Brazed Dual In-line (CER 
| Millimeters | inches 
[win [Max [Notes | Min | Max | Notes 


10° ae Ee 
. | ote | 


Package Group 













a | 

Tar | oes | ima | | 0025 | os | 
[me [2000 | 270 |_| 0000 | oxo | 
is [irre [eats [0070 [0085 
[8 | o4vee | osos | + _ooe | 0020 

[er | sare | 1716 | Types | 0054 | cose | Typical 
| cc | o2266 | 0.3048 | Typical | 0.009 | 0.012 | Typical | 
[—o[ wae | aos [+t oveo | ost | 
[or [176517907 | Reference | 0606 | 0705 | Reference 
[=| 7020 | ese [| oso | om f 
Te [ 7seae | 7asre [+ ozea [oz | 
[er eats | 2067 | typieal | 0.008 | 0.108 | Typical 
[en [7366 | 7.874 | Reterencs | 0.200 | 0.10 | Reference 
[ee [720 | ease |__| 0.500] 0.580 
Tas [ator [tes | onto 
[wf | |i 6 | 6 
Ts [| - | aoe [ , 
a ee eee 


= [e080 
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Packaging Diagrams and Parameters 





Package Type: 18-Lead Ceramic Side Brazed Dual In-line (300 mil) 


N 


Pin No. 1 
Indicator 
Area 


Seating ——> 


Plane 
B = 
ae D1 


Package Group: Ceramic Side Brazed Dual In-line (CER 


[ Wilimeters— nce 
| mea [Tamer Win Max [Nees 
| 0.130 | 0.160 | 





















| Notes | 
Fae a ae ee Fe 2a Dee ee 
aA__| 3302 | 4064 | | ot30 | oreo | 
| oes | as | | 0.025 | oes | 
Le | 010 
ee esa 
0.4064 _| as 
| Typical 





r or | 0005 | 
[oor | 002 [ 


Teese [zr] | oso | oo | 


we 

eet 

pA 7 . 
| Ae 

PAs . 

| 8 | 0.4064 

ae , 
ao. | 

ae . 
|r| 20103 | 20447 | Reference | 0.795 | 0.805 | Reference _ 
Lee tetcad . 
ae 
en ei | 

| em 

| ee 

eee ee 

PN 

ea 


z 


T7s20 | eas | | oso | oa | 
rose [7500 [+t eave [ome [ 
. 










T7820 | esse f at 
———- ae 
ee Se 
——— a 


O° 
Lf 3.t7s | 4to1_| 
| = | 2.4892 






| = | 0.098 
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Package Type: 22-Lead Ceramic Side Brazed Dual In-line (400 mil) 


N 
Er per c 
| Pi ‘ 
Pin No. 1 @A 
Indicator , 


eB 
Area 


= ell! 7 


roe” WL WA abt 
See 


2 a een 
















Package Group: Ceramic Side Brazed Dual In-line (CER) 
Millimeters 


0° 





= 
oO 
> 
® 
7) 


10° 


[Notes 

Tepe 

[Beer | does [ono] 00 
Pore | 12 | | 028 | oo 
[200 [902 | | 080 | 0.100 
7s | aset [| 0079] 0118 
Toasts | ose |_| ootr | 0020 


A 
Ai 





1 


Tr0.160 | tate | | 0400 | 080 

sis | ain [does tes 
[2 | 2 | | 2 | 2 
ee es 


0.127 = 0.005 = 


Typical 
| a7.1s26 | 27.8e38 | | 1.069 «| 1.091 
Reference 


A2 
A3 
B1 
Cc 
D1 
e1 
eA 
L 





2 
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Package Type: 24-Lead Ceramic Side Brazed Dual In-line (600 mil) 


N 
E.£ ee ey C 
“ \\ 
Pin No. 1 a “a a 
Indicator L+ eB ——+| 


Area 


D 














Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters [Inches 


[wax [Notes [Win [Max 
pot? eee ae ee 
a | aoe | aaa 
mi | tore | 1524 
A ao [0.115 

o70 [0.100 

| 0020 

T1270 
| 0.2286 , 


en sl 
Sera a 
ae a 
[| 000 [ons | 
[asa || 0070 | ooo | 
Tos0e | | ore | 00m | + 
sore [sores || tases | tz | 
| [108 [1.108 | Reference 
[14906 | 16002] ‘| ose | oso 
Tiaras | 140052 | —~*|_osee | ose | 
25968 | 27492 | Typical | 082 | 0.108 | Typical 
748 [Reference 0620 

sancians 

nae 





e 





‘ 
2 
A3 
1 | 2.3368 

eA Reference 
| 0.590 | 0.640 _ 

| 0.160 | 160 


= 
T0580 
| [sane | 406 | 0a 
i ee 
= [100 





| br | 27.7368 | 28.1432 








\ 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 


Pin No. 1 
Indicator 
Area 






Base 


Plane \, 


Plane eal 
ee 


Package Group: Ceramic Side Brazed Dual In-line (CER) 


| Millimeters | snes 
win [Max [Notes win Max 
po | tr ae aCe 

A | 0.120 | 0.175 _ | 
4 





















xe | 2002 | 2021 
re 
o.4064 


04064. 
[4270 | 1270 | typical | 0.050 | 0.050 | Typical 


| __Notes 
an Saas 
7 | 8 
a | sore | 1524 | | _oo40 | oo | 
al ae 
| aaa et 
al ne 
} [Typical 
s0.1752 | soves| «| atten (| tae | 
: Reference _| 


0.100 
oor | 0020 


T1408 | 16000 | —+| ose | oes | 

Tta7ees | 140052 | ——+|-osea | oses | 

asses | 27400 | Typical | 0000 [0108 | Typical 

on | 14088 | 15748 | Reference | 0590 | 0620 | Reference 
Cases | 16256 || 0590 | 0640 

t [soe | a0se | *(|ota0 | ot60 


ae 
ee ee 
sx [oe f= || me [ 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Ceramic Side Brazed Dual In-line (600 mil) 


N 
Ei €E€ J 
Oo —P>y/ C 
‘ Nid * 

Pin No. 1 t eA 
Indicator eB 

Area 

D 
S 
Base 
Plane \ 


Seating —— » — 


Plane 
Bip | 
B <<. 
Bates oO ——_——_-__--_— 


Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters Pp tnches 













win [Ma [wie [ en 
ae ee a ee a ae 
| 3048 | 4064 | | 0.120 | 0.160 __ 
Tote | 1524 
T208e [2001 
| 


A 
Ai 
A2 
As P2540 
Bt 
e1 
eB 
L 
$1 


a 
oe [ tee | tate | 
T1400 [1600 [ 

5.1002 


[sso | oso [ 
[ese [sce | 





ae » 
me | 

Tae | 7 
ae fo 7 
re | 0018 | 0020 
ee [Typical | | 
es 7 
rp | 25.2044 | 25.9156 4 
[eta 
Te | 14 

[er | 2.4002 | 25008 | Typical | 0.008 | 0.102 | Typical 
[ea | 14.986 | 15494 | Reference | 0590 | 0610 | Reference | 
es | 14966 | te26 | + oso | om | 
[1 | s.a0e | 40ea | ~+«Y 0190 | 0160 | 
Nw. |e | we ee oe 
a ae Ct 


[=| as00 
re ee ee ae EF oe 
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Package Type: 28-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 


Pin No. 1— 
Indicator 
Area 


SEN oI 
HE aaa 


Package Group: Ceramic Side Brazed Dual In-line (CER) 
Inches 
a 





















Symbol 


[Notes [win | Max [Notes 
ie fe 
3.048 | 4064 | | 0420 | of6e0 | 


1.778 2.540 


ee 
0070 | 0.100 
[Typical 


ote | 1524 
i778 | 2540 
0506 
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Package Type: 40-Lead Ceramic Side Brazed Dual In-line (600 mil) 
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Package Type: 40-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 
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Package Type: 48-Lead Ceramic Side Brazed Dual In-line (600 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Packaging Diagrams and Parameters 





Ceramic Cerdip Dual In-line Family 


, Symbol List for Ceramic Cerdip Dual In-line Package Parameters 


Width of terminal leads 


















Width of terminal lead shoulder which loc (standoff metry optional) | 


Body length parameter - end lead center to end lead center 


Distance from true position center line of Number 1 lead to the extremity of the body 
Distance from other end lead edge positions to the extremity of the body 


Notes: 

1. Controlling parameter: inches. 

2. Parameter "e," ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "B," is nominal. 













a ee ee ey 
~ DS00049E © 1994 Microchip Technology Inc. 
| 11-1-14 


S 


MICROCHIP 








Packaging Diagrams and Parameters 





Package Type: 8-Lead Cerdip Dual In-line (300 mil) 
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Package Type: 16-Lead Ceramic Cerdip Dual In-line (300 mil) 
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Package Type: 18-Lead Ceramic Cerdip Dual In-line (300 mil) 
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Package Type: 18-Lead Cerdip Dual In-line with Window (300 mil) 
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Packaging Diagrams and Parameters 





Package Type: 22-Lead Ceramic Cerdip Dual In-line (400 mil) 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic Cerdip Dual In-line (300 mil) 
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Package Type: 24-Lead Ceramic Cerdip Dual In-line with Window (300 mil) 
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Package Type: 24-Lead Ceramic Cerdip Dual In-line (600 mil) 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic Cerdip Dual In-line with Window (600 mil) 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Ceramic Cerdip Dual In-line (600 mil) 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Ceramic Cerdip Dual In-line with Window (600 mil) 
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Package Type: 40-Lead Ceramic Cerdip Dual In-line (600 mil) 
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Package Type: 40-Lead Ceramic Cerdip Dual In-line with Window (600 mil) 
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Packaging Diagrams and Parameters 





Ceramic Flatpack Family 


_ Symbol List for Ceramic Flatpack Package Parameters 


Description of Parameters 
Distance between seating plane to highest point of body (lid) 
Width of terminal leads 
Thickness of terminal leads 
Largest overall package parameter of length 
D 


ys 


Body length parameter - end lead center to end lead center 


Largest overall package width parameter outside of lead 


mM 
IND 
m 
w 


Body width parameters not includin 


mew ey ee 


io 


of 


” 


Linear spacing between center line ody standoffs (terminal leads) 
H Other package width parameter 

Distance from package body to end of lead 

Total number of potentially usable lead positions 

Distance between seating plane and lead 


Distance from true position center line of Number 1 lead to the extremity of the body 


Distance from other end lead edge positions to the extremity of the body | 


Notes: 

1. Controlling parameter: inches. 

2. Parameter "e1" ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameters "B" and "C" are nominal. 
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Package Type: 28-Lead Ceramic Flatpack 
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Packaging Diagrams and Parameters 





Ceramic Leadless Chip Carrier Family 


Symbol List for Ceramic Leadless Chip Carrier Package Parameters 


Description of Parameters __ 


eae 
| DO 












Distance from base body to highest point of body (lid) | 
Width of terminal lead pin 
Largest overall package dimension of length 


D1, E1 











dimanaian af wich 
Largest overall S GMEnSion OF wiGiui 


Linear spacing 


Linear spacing between edges of true lead positions (of corner terminal lead pads) | 
lead corner to lead corner 
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e1 
h Depth of major index feature 
L 

N 





Distance from package edge to end of effective pad 


[i _[ wath otminorindextesture SSCS 
a Se 





Total number of potentially usable lead positions 


Notes: 

. Controlling dimension: inches. 

. Dimension “e," ("e") is non-cumulative. 

. Seating plane (standoff) is defined by PC board hole size. 
. Dimension "B" is nominal. 

. Corner configuration optional. 
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Package Type: 28-Lead Ceramic Leadless Chip Carrier 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Ceramic Leadless Chip Carrier with Window 





N 
Pin No. 1 Indicator 
(size and type of 
al indicator may vary) 
‘im Il, 
ry of ft af 
| B — + —-— jx 45° 
L Index Comer 
BOTTOM 


acai 
Seating Plane TT SIDE 


Ai A Ae 









Package Group: Ceramic Leadless Chip Carrier (LCC 


[win [Max [Notes | Min [Max | Notes 
[iser [aise [ 08 | ones 
[e206 | 2s | | 00% | 010 | 
Coase [aaa | ——*onas | oon 
Tirzess [ties [| oma | oso | 
[7820 | 7620 | Reference | 0.00 | 0.200 | Reference 
Pinzass [issu | + oaee | oan | 









A 
Al 
A2 


[7520 [7820 | Reference | 0.300 | 0.300 

T1270 [| 1270 | Typical | 0.050 | 0.050 | Typical 

Tose; | - | Typlear | ots | - | Typical _ 

Lt 1443 | 1.397 | Typical =| 0.045 | 0.055 | Typical 
To fe | | = | «| 


D1 
e1 
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Packaging Diagrams and Parameters 





Package Type: 32-Lead Ceramic Leadless Chip Carrier 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 


jx 45° 
Index Comer 





Seating Plane + 
SIDE 


Al A A2 
















: Ceramic Leadless Chip Carrier (LCC 

| Milimeters | since 

| win | Max | Notes | Min | Max | Notes | 

P4397 Poo | CS 
| ot20 | 


ane | 
ozs [oar [|__| 000 | 0015 


Package Group 








A 
Al 
A2 

1 





Reterence 


3 | 
7 | 
are | 14204 | osao | ose | 


ee ae 

oo 

Tp: | 9.0622 | 10.3978 | Reference | 0.393 | 0.407 | Reference 
ae ET 

ae 
[er | ost | - | Typicar | 0015 | - | Typical 
rh | 1016 | 1016 | Reference | 0.040 | 0.040 | Reference 
a aes 


[x [ee [» | | #» | # 


8 
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Packaging Diagrams and Parameters 





Package Type: 32-Lead Ceramic Leadless Chip Carrier - FRIT 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 


jx 45° 
Index Comer 





Seating Plane 
| | SIDE 


At A A2 


















Package Group: Ceramic Leadiess Chip Carrier (LCC 
| Millimeters | Inches, 
OS ee ae ee 
[aA | ser [2150 [~*~ | oes | 
Pa | 2286 [ssce [ ‘| os | oro | 
ae oess | tts [ «Ym | oof 
|B | ossee | 0.7112 | Typical | 0.022 | 0.028 | Typical | 
[bf tare | taza | «| ~osao | ose | 
[pi | 7620 | 7.620 | Reference | 0.900 | 0.00 | Reference _ 
[= | tizase | ties || ome | ose | 
| Er | 10.160 | 10.160 | Reference | 0.400 | 0.400 | Reference 
Pe | 1270 | +270 | Reference | 0.050 | 0.050 | Reference _ 
Pe | ose: | - | typi | oors | - | Typical 
[h_| 1016 | 1016 | Reterence | 0.040 | 0.080 | Reference _| 
i | 0508 | 0.508 |” Reference | 0.020 | 0.020 | Reference 


Te [el] |e) el] 









DS00049E © 1994 Microchip Technology Inc. 
11-1-34 





AN 


NAICROCHIP 





Packaging Diagrams and Parameters 





Package Type: 32-Lead Ceramic Leadless Chip Carrier with Window 


(size and type of 


jx 45° 
Index Comer 





oe {| 

























Package Group: Ceramic Leadless Chip Carrier (LCC 


| Miillimeters | Inches 
| Min | Max | Notes | Min | Max | 

A | 0.055 

A ae 


1 
A2 


re [Notes 
Pa | 22a | 3.002 080 [010 | 
[re [080 [aaa [*dooasfoes 
[8 | ossee | o7v@ | Typicat [0022 | ocee | Typical 
[5 [erie | 4ae | dt sao | ose 
[or [7820 | 7.600 | Reference | 0.200 | 0200 | Reference 
[en | 
a | 
Te | ta | 
ae 
1 
nee ea | 
ae eae 


Reterenco 
Tose: | - | Typic [oors | - | Typical 

Tasos [0508 | Reterence | 0.020 | 0.020 | Reference 

Cows [197 | type [008s | 0085 | Typical 
[ow [2 | «| |» | «| 


Tivzass [ies] | oma ase | 





Pin No. 1 Indicator 


indicator may vary) 
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Packaging Diagrams and Parameters 





Package Type: 32-Lead Ceramic Leadless FRIT-Seal Chip Carrier with Window 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 


I | | 
| = B mea jx 45° 
L BOTTOM Index Comer 


Ae 





| | SIDE 


At A 












Package Group: Ceramic Leadless Chip Carrier (LCC 


rey Millimeters pinches 


| Min | Max | Notes | Min’ | Max | Notes | 
[a | 4se7 [2s] ——~—*dtCtoss [08 
oe el 


wor |e RENN 
[000 | 010 f 
a oae0 | 4a | | 000s | 00s | ——~d 
8 [ossee [a7 | Typlear [0022 [0028 | Typical 
Tare [ame || sao] oso | 
a Me ae a 
[Paves [isso [| aa | ome | 
mere a 
eae | 
[7 
| 
CN 





1270 | 1270 | typical | 0050 | 0.050 | Typical 
oset | - | typical | 001 | - | Typical 
T1016 | 1016 | Reterence | 0040 | 0040 | Reference 
0.508 [0508 | Reference | 0.020 | 0020 | Reference 
Ce | «| | 2 





a 
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Packaging Diagrams and Parameters 





Package Type: 44-Lead Ceramic Leadless Chip Carrier 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 


jx 45° 
Index Comer 






Seating Plane 









Package Group: Ceramic Leadiess Chip Carrier (LCC 


| sCMillimeters | —Cidnchess— SC 
[max [Notes | win | Max [Notes 
wr [17m [a0 |_| ov | 0x0 | 
is onneres 
[pica rpc 












3 [tease [tess isto | ose 
[or [1.700 [12.700 | Reference | 0500 | 0.500 | Reference 
[=| reass [ieee | oe | ose | 
[er [27007 | 12,700 | Reterence | 0500” | 0.500 | Reference — 
[2 [1270 [1270 | typical | 0.050 | 0.050 | Typical 
Ter [eset [= | typieat [001s | | Typhear 
[nh [ 1016 | 1016 | Reorence | 0040 | 0040 | Reterence 
1 [ese [0.508 | Reterence | 0.000 | 0.000 | Reference 
tas [1397 | typieat | 0.005 | 0.055 | Typteal 
SS A” 
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Packaging Diagrams and Parameters 





Ceramic Leaded Chip Carrier Family 


Symbol List for Ceramic Leaded Chip Carrier Package Parameters 


Description of Parameters 
Distance from seating plane to highest point of body 


Distance from lead shoulder to seating plane 















c 






Da/Es 
ae tate tenemos 
| Na __| Total numberof leads on short side (rectangula) 


Ne Total number of leads on long side (rectangular) 







Notes: 

1 All dimensions and tolerances conform to ANS! 7 Location to datums[-A-Jand[-B-Ito be 
Y14.5M-1982. determined at plane[-H-]. 

2 Datum plane[-H-]located at top of parting line and 
coincident with top of lead. Where lead exits 8 All dimensions and tolerances include lead 
body. trim offset and lead finish. 

3 Datums[D—Eland|F—G]to be determined where ; 
center leads exit body at datum plane FHA. 9 These two dimensions determine maxi- 

4 Tobe determined at seating plane mum angle of the lead for certain socket 

5 Transition is optional applications. If unit is intended to be 

6 Square: Details of pin 1 identifier are optional but socketed, it is advisable to review these 


must be located within one of the two zones dimensions with the socket supplier. 


indicated. 0 
Rectangle: Details of pin 1 identifier are optional 

but must be located within zone indicated. If the 

number of terminals on a side is odd, terminal 1 

is the center terminal. 


Controlling dimension: inches. 


Sn a A LE SE A SA SEO RCE SNE AS EES BITE 
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Packaging Diagrams and Parameters 





Package Type: 68-Lead Ceramic Leaded Chip Carrier (Window) 





0.812/0.661 N Pics 
.032/.026 


2 Sides t = @| 2.177 © |B] aS) 
A (ls; it 2Sides /Q\ 









alsa 


0.812/0.661 
Sai ie ".032/.026 - 


1.524 ,,. 
‘060 Min 


i ¢ 
i 
i t 


ye\ 
0.64 |. 0.533/0.331 
065 625. Min | 0217.013 
1.14/0.64 


a 481.08 “607 BAF © 0 
R -045/,025 F 645.025 je “607 IAI F-G ©, D-E © 














Package Group: Ceramic Leaded Chip Carrier (CLCC 
Millimeters 


<= 


| Notes 
as 
ea eee 
a 
[sar [ease | 
ieee 


a 
[eee | 
Vessrr | eases | 
[zzeco [esare | 
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| Max 
| 185 
| 120 
| 993 | 
| 958 
| 940 
| | Reference _| 
a 
pe | 
ee 
| =| Reference _| 
a 
| 004 
| 008 
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Packaging Diagrams and Parameters 





Package Type: 84-Lead Ceramic Leaded Chip Carrier (Window) 






0.812/0.661 N Pics 
.032/.026 


0.177 
2 A jo) 9:17 © |B] A@ 





2 Sides VAN 





0.812/0.661 
ry ee 032/.026 2 














0.254 AY 
an 0.508 132 Min 
020 , 
‘Ce 
1.654 1.651 ggg | nm 0.533/0.331 
065 < 065 025. “Min —~021/.013 
1.14/0.64 1.14/0.64 0.177 A)F-G ©, D£© 
045/.025 R 645/025 07 DIAJF-G ©. DE®© 















Package Group: Ceramic Leaded Chip Carrier (CLCC 

Ne ee ee ee 
A 

84 





[Notes [Notes 
es es 
mw | 226 | ame | oo | sao | 
FO 
Taesz0 [cose | —*| aes | sues | 
nee —— 

so 









rene 

el a 
esszo | aesn | it ates [ates | 
Tavs | 2096 [| 1400 | 4.140 | 


25.400 | - | Reference | 1.000 
sane 
ao 


oe 

a ae) 

fs 

| 

De 

| Os | | Reference 
| E | 30048 | 90.953 | | 1183 | 1195 | 
Pe 

pee 

| ES 

Ee 

Lee 


25.400 
ae an 
eT ES BE 

C006 


meee 
eae 
1524 
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Packaging Diagrams and Parameters 





Plastic Dual In-line Family 










Symbol List for Plastic Dual In-line Package Parameters 


Description of Parameters 


Angular spacing between min. and max. lead positions measured at the gauge plane 








Distance between seating plane to highest point of bod 





Distance between seating plane and base plane 


> 


2 





Base body thickness 


Bt Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 

C 
E1 
eA 
eb 
er 
L 
s 


S1 Distance from other end lead edge positions to the extremity of the body 











Notes: 

1. Controlling parameter: inches. 

. Parameter “e," ("e") is non-cumulative. 

. Seating plane (standoff) is defined by board hole size. 

. Parameter °B," is nominal. 

. Details of pin Number 1 identifier are optional. 

. Parameters "D + E," do not include mold flash/protrusions. Mold flash or protrusions shall not 
exceed .010 inches. 


oO oO & © PP 





A A SS A SS A ERTS 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Plastic Dual In-line (300 mil) 


a1 1 pi 


Ei E 


N 


. eA 
Pin No. 1 { | ren eB 4s 
Indicator 


Area 


D ————»> 
f= 
Base 7 
ee 
pee) | A A 


Seating —., —|' -— 
Plane 


















| Min | Max 
ee ae Ce 
A 4.064 


[Notes 
—— 
a ee 
m | oer | - | 
Tossse | ossee | 
ae 


P| 

pA 

PA 

pA 

|B 

| Br | tg97_ | 1651 
aueeee 
pb | 8017 
| dr | 762 
ae 
=a 
ete 
| ek 
=a 
a ae 
PN 
ae ee 


1 


L 
Leeeeal 








Package Group: Plastic Dual In-line (PLA 


Millimeters | inches si 


oe 0 
00 
oom [= 
0120 [0180 
Coors | 002s 
0055 [065 


0.065 
030 


0.430 


T9017 | 


nana 
T7e20 | aass | | oso | oms | 
se 
Teae0a | 25000 | Typical | 0.000 | 0102 | Typical 
7 
7am | oa |__| oto | 0200 
———Foi20 F140 
re ee 
s | ose | - | | 0005 


a ce 


| aa 
| 
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Packaging Diagrams and Parameters 





Package Type: 14-Lead Plastic Dual In-line (300 mil) 


N 


Pin No. 1 
Indicator 
Area 
















Package Group: Plastic Dual In-line (PLA) 

| Millimeters | inches, 

tet (wax [Notes 
A | 0.160 _| 

4 











[win [Max [Notes | Min 

a a 

Poser [| - | | os | - 

[ae | aoe [aero | ~~] oa 

(8 _| oases [osses | ——+| oor | onaa 

[er [tse [1524 | Reference | 0060 | 0060 | Reference 
Treat 725} 








[or [1.240 | 18240 | Reference | 0.600” | 0.600 | Reference 
[=| 7620 | ez [+t oso | oes | 
[| eos | rue | | 20 | 020 | 
[—e: | eaee | 2sc0a | Typical | 0000 | 0100 | Tpical 
[ex [7.620 | 7.620 | Reterence | 0.900 | 0300] Reterence 
[es | rer | see |_| oso | oso | 
[soe | sas6 [020 [oa | 
ts +... te 
[—s[owee | - | +d oss P- 
[soe [= Poms [= 
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Packaging Diagrams and Parameters 





Package Type: 16-Lead Plastic Dual In-line (300 mil) 


| I 
Ei £E yd 
CA 
Pin No. 1 | | / | P eB , | 
indicator : 


Area 
D 
S Si | | 
Base =a 
Plane \, ! 





Seating ——> —- 
Plane 









| sMillimeters | snchess SC 
[win [Max [Notes [Win [Max [Note 
ee ee ee EE ee Se eee 
A | - | 4064 | | - | otc | | 
m [ose | - | | os] - | 

Toasse | ossee | id [oo | 


re 

ae 

a : 

er : 

[ce | oacaa | 0261 | Typical | 0008 | 0015 | Typical 
ne ae 

oa 

eee 

Ca : 
a 


Package Group: Plastic Dual In-line (PLA) 






oe ee ae a 
Treszs | 1ss0 [| ozs | ores | 
[7620 | 8255 | | 0300 | os | 
a poems 
7820 | 720 | Reteronos [0900 | ono | Referenco 
7.874 
| ot | 3.0480 | 3.556 | 
Pp oN [| 6 | ie 
| os | oso | - | 
eo 


10° 
o 3 
D1 | 
eA : 5 
ee ee ee 
| Pf otzo | otgo | 
16 ae oe a oe ee 
| pf os | | 
a se ee ee 








DS00049E | | © 1994 Microchip Technology Inc. 


14_9_A 


AN 


RAICROCHIP 








Packaging Diagrams and Parameters 





Package Type: 18-Lead Plastic Dual In-line (300 mil) 


ki | a ‘by Cc 
Ei E ad 
4——— A 
Pin No. 1 , :? | a eB 
Indicator 
Area 
— D 
S 
Base 
Plane \ 


Seating ——> 


Plane 
Bi 
—— 


N 



























Package Group: Plastic Dual In-line (PLA 


| sCMillimeters | snes 
ae ee 






— 
Oe 


A 


a 


1524 | 1524 | 
2aaro | 23495 | | 0885 | 0925 | 
ee a 
a koe cs 


7.620 


| 20.320 | 
| 8.255 | 
6.096 
| 2.5908 


2.4892 2.5908 Typical 0.098 0.102 Typical 


E 


ook, 





eB 


7e7a_ | 9906 | | oso | osc | 
goss | asso | | otz0 | oro | 
[oe ee ee ae ee ee 
oso | - | | os | 
ov | = | | oo | 


S) 
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Packaging Diagrams and Parameters 





Package Type: 22-Lead Plastic Dual In-line (400 mil) 


N 
| | Q ——7/ 
Ei E i 
Pin No. 1 | | 
Indicator 


Area 





{a oe 
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B 


= RAR A ACES 


Dp ——________-»} 
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| Min | Max_| Notes | 
a aa 
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a 
a 
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ae eal 
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=a 
a: Sees 
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bois 
ane 
| en 
| 
oe Se 
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L__ | soa | 3.556 _ 
a 
| oso | 


ee 


e1 4 


- Package Group: Plastic Dual In-line (PLA 


eA 
a eS 
| tzo | otto | 
cane Re ae 
ec Saed 
ees 





oe 
0.150 
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Tose0 | ows | 


[e200 [oso | 
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| oo | - | 
oo [= 







Notes 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Plastic Dual In-line (600 mil) 
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; | A 
oy C 
EE PAs oy 
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Package Group: Plastic Dual In-line (PLA 


| Millimeters | inches 
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[aS (Ra SE (er | (ee ee 

/—A_{|_=__|_8080 ee ee 

osoe | - 
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Saar 
es oe 
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a 

Ae 

5 aos [esses | [ono 

[eo [oane [ose [type [0008 | cts [pice 
[~o[sosss [sess [| tates [tars | 
[or | 27.s40 | 27.040 | Reterence | 1.100 | 1.100 | Reference 
[=| tsa | ise | | 0000 | oes | 
ee 
Ce 

en 

i 

a wa 

—s 

| 











Pisase [wa [| 0510 | 00 
sow | 3ss6 | 
a Ca 

Tones | - | 


0.127 - 0.005 et 
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Packaging Diagrams and Parameters 








Package Type: 24-Lead Plastic Dual In-line (300 mil) 


N 
| | 7 t ! 
Q ———7/ C 
Fi £ Fs Be 
eA 
Pin No. 1 { | a 6B =| 
Indicator . 


Area 









Base 
PlaneN 









Package Group: Plastic Dual In-line Package (PLA 


Millimeters | Inches 
| Min | Max | Notes | Min | Max | Notes | 
PAO AO Nr earl Oe dO cel 
| = | sacs | | ote 
| 0.981 aa 


A 


| 
a | acme | aai0 | | 0120 | 0760 

oases | osses |_| o0ra | 0000 
size | eezse | | 120 | tz [ 
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[ooo [oss | 
To240 | 0200 | 
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rn ee ee 
fee ered 
Pd 


Pe 
a ae 
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es 
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[eA 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Dual In-line Plastic (300 mil) 





Detail A 





pochese Group: Plastic Dual-In-Line (PLA) 


win [Max [Notes 
el a 
| 3.6322 | 4.572 | 


[win [Max 

esiewathtet it tik wecoaaal 

ee 

i a Ee a ee 

aose | ossee [| oe | ace | Typical 

Tote | 1651 | typiear | 040 | 088 

[rea | 1016 | apes | 000 | 

se [00 | tpene | c08 | 

[~200e | 200 | Typical | 008 | ote | Typical 

es 

rem | eo | ed 

rave | 7as3 | i 
[ypiea 


(2s | ase | Typicn 
7.874 | 7.874 





[310 [320 
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| 100 | 100 
| sto | 30 
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a 
aes | oe 


Decl a 
ae an 
= ae see) 
| aie | eee 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Dual In-line Plastic (600 mil) 


DS00049E 
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Packaging Diagrams and Parameters 





Package Type: 40-Lead Plastic Dual In-line (600 mil) 
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Package Group: Plastic Dual In-line (PLA) 
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Ts [ese [= [+ oom [= 
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Package Type: 48-Lead Plastic Dual In-line (600 mil) 
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Package Group 





: Plastic Dual In-line (PLA 
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Packaging Diagrams and Parameters 





Plastic Leaded Chip Carrier Family 


Symbol List for Plastic Leaded Chip Carrier Package Parameters 


Description of Parameters 


Distance from seating plane to highest point of body 

















Distance from lead shoulder to seating plane 





Seating plane coplanarity 


Outside dimension 








Lead thickness 
| oN Total number of potentially usable lead positions 
| Na | Total number of leads on short side (rectangular) 


Total number of leads on long side (rectangular) | 







Notes 

1 All dimensions and tolerances conform to ANSI 9 Location to datums[-A-land[-B-|to be deter- 
Y14.5M-1982. mined at plane FH-]. 

2 Datum plane[-H-llocated at top of mold parting line 10 All dimensions and tolerances include lead 
and coincident with top of lead. Where lead exits trim offset and lead finish. 
plastic body. 11 These two dimensions determine maximum 

3  Datums Do and to be determined where angle of the lead for certain socket applica- 
center leads exit plastic body at datum plane[-H-]. tions. If unit is intended to be socketed, it is 

4 Tobe determined at seating plane[-CJ. advisable to review these dimensions with 

5 _ Transition is optional. the socket supplier. 

6 Plastic body details between leads are optional. 12 Controlling dimension: inches. 

7 Dimensions D1 and E1 do not include mold protru- 
sion. Allowable mold protrusion is .254 mm/.010 in. X Sumofdambarprotrusions to be 0.17 (.007) 
per side. Dimensions D and E include mold mis- max per lead. 
match and are determined at parting line. 

8 Square: Details of pin 1 identifier are optional but Y Feature is not required, but is optional at 


must be located within one of the two zones indi- 
cated. 

Rectangle: Details of pin 1 identifier are optional but 
must be located within zone indicated. If the num- 
ber of terminals on a side is odd, terminal 1 is the 
center terminal. 


manufacturer's discretion. 





ee ee ed 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Leaded Chip Carrier (Square) 
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Packaging Diagrams and Parameters 





Package Type: 32-Lead Plastic Leaded Chip Carrier (Rectangle) 







0.812/0.661 N Pics 
.032/.026 


0.177 
| 67 Oe 46) 
2 Sides VEN 


Seating 
Plane 


0.812/0.661 
eg ae .032/.026 LX 


0.64 |. 0.533/0.331 
025 Min - ~ .021/.013 


1.14/0.64 1.14/0.64 


0.177 
F946 /.025 F -045/.025 je “007. @lAl F-G ©, DE® 
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Packaging Diagrams and Parameters 





Package Type: 44-Lead Plastic Leaded Chip Carrier (Square) 






0.812/0.661 N Pics 
.032/.026 


2 Sides 4 eo} 127 @|8| A® 
A (ly FE i 2 Sides /\ 7 


Seating 











0.812/0.661 /y 
0.254 AX Seo oi -032/.026 
010 1.524 ,,. 
0.508 O60 Min 
ala 020 : ; | 
oN 
1.651 1.651 0.64 |. >| 0.533/0.331 
065 065 025. Min ~,021/.013 _ 





1.14/0.64 \ 2 1.14/0.64 0.177 alec @0e® 
F 045/.025 P 045/.025 je 007 BAIFG ©, DE®© 





Package Group: Plastic Leaded Chip Carrier (PLCC 
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Packaging Diagrams and Parameters 





Package Type: 68-Lead Plastic Leaded Chip Carrier (Square) 
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Package Group: Plastic Leaded Chip Carrier (PLCC 





©1994 Microchip Technology Inc. DS00049E 


11-2-17 





MICROCHIP 





- Packaging Diagrams and Parameters 





Package Type: 84-Lead Plastic Leaded Chip Carrier (Square) 
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Package Group: Plastic Leaded Chip Carrier (PLCC 
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Packaging Diagrams and Parameters 





Plastic Small Outline Family 


Symbol List for Small Outline Package Parameters 
Description of Parameters 


Angular spacing between min. and max. lead positions measured at the gauge plane 



















Distance between seating plane to highest point of bod 





Distance between seating plane and base plane 
Width of terminals 





Thickness of terminals 


sma 

a 

| _D__| Largest overall package parameteroflength 
| _E _| Largest overall package width parameter not inoludingleads 
|e __| Linear spacing of true minimum lead position center line to centerline 
| _N | Totalnumber of potentially usable lead positions = 


Seating plane coplanarity 





Notes: 

1. Controlling parameter: inches. 

2. All packages are gull wing lead form. 

3. "D" and "E" are reference datums and do not include mold flash or protrusions. Mold flash or 
protrusions shall not exceed .006 package ends and .010 on sides. 

4. The chamfer on the body is optional. If it is not present, a visual index feature must be located 
within the crosshatched area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 





a 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Plastic Surface Mount (SOIC - Medium, 200 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 14-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 18-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Package Type: 24-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 330 mil Body) 
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Packaging Diagrams and Parameters 





Plastic Shrink Small Outline Family 











Symbol List for Shrink Small Outline Package Parameter 





Description of Parameters 


| a | Angular spacing between min. and max. lead positions measured at the gauge plane 
Distance between seating plane to highest point of body 

Distance between seating plane and base plane 

| B | Width of terminals 

Thickness of terminals 

| oD Largest overall package parameter of length 

| 








Seating plane coplanarity 


Largest overall package width parameter not including leads 





Notes: 1. Controlling parameter: mm. 
2. All packages are gull wing lead form. 


3. "“D" and "E" are reference datums and do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.15mm .006 package ends and .010" on sides. 


4. A.25mm visual index feature must be located within the crosshatched area to indicate pin 1 position. 


5. Terminal numbers are shown for reference. 
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Packaging Diagrams and Parameters 








Package Type: 20-Lead Plastic Surface Mount 
(SSOP - 209 mil Body 5.30mm) 


Base plane 


Seating plane 





Package Group: Plastic SSOP 
Millimeters 


Reference 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount 
(SSOP - 209 mil Body 5.30mm) 





Base plane 


Seating plane 
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Packaging Diagrams and Parameters 





Plastic Thin Small Outline and Very Small Outline Families (TSOP, VSOP) 




















Symbol List for Thin Small Outline Package Parameter 


[symbot[ __________OescriionofParametere 
[a | Angular spacing between min, and max. lead postions measuredatthe guage plane 
| _A___| Distance between seating planetohighestpointofbody 
[A,_| Distance between seating plane and base plane SSSCSC~S~S~S~S 
a clweiaennde 


Thickness of terminals 


[D_| Largest overall package parameteraflength ——=~S~C~“~*~*~“~*S*~“~S~“~S~S~S 
[E [Largest overal package widh parameter not nouding wads 
[a [ Linear epacing of rue mirimum lead postion cantor line to oatier ine 
[HO [Largest overallpackage dmensionofwih SSCS 
ra 
cae 
[oP 






Length of terminal for soldering to a substrate 
Total number of potentially useable lead positions 


Seating plane coplanarity 


Notes: 1. Controlling parameter: inches. 
2. All packages are gull wing lead form. 


3. "D" and "E" are reference datums and do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed .005 per side. 


4. Av-visual index feature must be located within the crosshatched area to indicate pin 1 position. 


5. Terminal numbers are shown for reference. 
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Packaging Diagrams and Parameters 
Package Type: 28-Lead Plastic Surface Mount (TSOP 8 x 20mm) 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (VSOP 8 x 13mm) 
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Packaging Diagrams and Parameters 





Plastic Metric Quad Flatpack Family (MQFP) 


Symbol List for Metric Plastic Quad Flat Pack Package Parameters 


Description of Parameters 


Angular spacing between min and max lead positions measured at the gauge plane 


Distance between seating plane to highest point of body 
Distance between seating plane and base plane 


Distance from base plane to highest point of body 
Width of terminals 
Thi 


hickness of terminals 


Largest overall package parameter including leads 
Largest overall package parameter including leads 


Center of end lead to center of end lead 


Linear spacing of true minimum lead position center line to center line 
Length of terminal for soldering to a substrate 
Total number of potentially usable lead positions 


eating plane coplanarity 


Notes 


All dimensioning and tolerancing conform to 
ANSI Y14, BM-1582. 


Datum Plane [-H-] is located at bottom of hold 
parting line and coincident with bottom of lead, 
where lead exits body. 


Datums[A-Bland[-D-]to be determined at Datum 
plane [-H-]. 


To be determined at seating plane [-C-]. 


Dimensions D1 and E1 do not include hold 
protrusion. Allowable protrusion is 0.25 mm per 
side. Dimensions D1 and E1 do not include hold 
mismatch and are determined at Datum Plane 


[-H-]. 


Details of pin 1 identifier are optional but must be 
located within the zone indicated. 


. : 
. 
. 
age ° . 
ope 


11. 
12. 


13. 





These dimensions to be determined at Datum 


plane 

All dimensions in millimeters. 

Dimension b does not include Dambar protrusion. 
Allowable Dambar protrusion shall be 0.068mm 
total in excess of the b dimension at maximum 
material condition. Dambar cannot be located on 
the lower radius or the lead foot. 

Exact shape of this feature is optional. 

N is the number of leads. 

Controlling parameters: millimeters 


All packages are gull wing lead form. 
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Packaging Diagrams and Parameters 





Package Type: 44-Lead Plastic Surface Mount 
(MQFP 10x10mm Body 1.6/0.15mm Lead Form) 
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Devices in Die/Wafer Form - Non-Volatile Memory 





INTRODUCTION 


Microchip Technology Inc.’s non-volatile memory de- 
vices are available in wafer form and in die form. All 
products sold as die or wafers have been characterized 
and qualified according to the requirements of Microchip 
Technology Inc. Specifications SPI-41014, “Character- 
ization and Qualification of Integrated Circuits”, and 
QCI-39000, “Worldwide Quality Conformance Require- 
ments”. 


PRODUCT INTEGRITY 


Product supplied in die or wafer form will be 100 percent 
visually inspected to the criteria defined in Microchip 
Technology Inc. Specification, QCI-30014, “Standard 
Visual Inspection Procedure of Dice Prior to Assembly 
for Commercial Products” 


Die/Wafer thickness is 18 mils or 21 mils depending on 
product. 


Wafers at reduced thicknesses are also available. 
TION 


Some EEPROM products use EEPROM cells for device 
configuration. Exposure to ultra-violet light or x-rays 
must be avoided. Exposure to ultra-violet light or x-rays 
may cause the device to operate improperly. 


These products are susceptible to damage from electro- 
static discharge. Extreme care is urged in the handling 
and assembly of these products. 


BONDABILITY OF DIE TO 
SUBSTRATE 


Dice are capable of bonding either by using a gold 
eutectic bond to a gold plated pedestal containing 60 
micro-inches of gold, or by using an electrically conduc- 
tive adhesive (e.g. epoxy) to any substrate. 


BONDASBILITY OF WIRES TO DIE 


Dice shall be capable of thermosonic gold or ultrasonic 
wire bonding such that the minimum conditions of MIL- 
STD 883, Method 2011 on “Bond Strength (Destructive 
Bond pull Test)” are met. 


PAD METALLIZATION 


Pad metallization is silicon doped aluminum. 


BACK SIDE PREPARATION 


Die and wafer back sides are backlapped and are 
without any gold coating. 


ELECTRICAL 


Dice are guaranteed to fully meet data sheet specifica- 
tions at the commercial temperature range of 0°C to 
70°C. 


The die back side is grounded through contacts internal 
to the part. Thus, it is permitted to float the die mounting 
surface. It is recommended that the die mounting sur- 
face be grounded in multi-chip assemblies. 


PACKAGING 


Die shipped by Microchip Technology Inc. are placed in 
a “waffle pack’ with sufficient cavity area to restrain the 
die while maintaining their orientation. Lint free paper 
inserts are placed over the waffle packs and each pack 
is secured with a plastic locking clip. Groups of waffle 
packs are assembled into sets for shipment. Alabel with 
lot number, quantity, part number and packing date is 
placed on each waffle pack. 


Wafers shipped by Microchip Technology Inc. are sepa- 
rated by lint free paper and dry packed in a shipping 
container of appropriate size which is labeled with lot 
number, quantity, part number and packing date. 
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DIE/‘WAFER PRODUCT OFFERING TEST FLOW 

All Microchip Technology Inc.’s serial EEPROMs, paral- All Microchip Technology Inc.’s die products are sub- 
lel EEPROMs and EPROMS are available in die or wafer jected to functional and parametric testing at the wafer 
form in the commercial temperature range of O0°C to level. The typical EEPROM test flow is shown in. 
70°C. Part number suffixes of /s and /w are used to Figure 1. | : | 


designate devices in die and wafer form, respectively. 


FIGURE 1 - EEPROM TEST FLOW 


UNTESTED WAFERS 


70°C ELECTRICAL AND 
FUNCTIONAL TEST 


RETENTION BAKE 
5 HOURS @ 250°C 


25°C ELECTRICAL AND 
FUNCTIONAL TEST 
(BAD DIE INKED) 








SAW AND CLEAN DIE 
(N/A FOR WAFER SALES) 


OPTICAL INSPECTION 
(100% VISUAL PER QCI-30014) 


WAFFLE OR WAFER PACK 


FINISHED GOODS 
INVENTORY 


DIEWAFER SHIPMENT 
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ASIA 


Hong Kong 


Memec (Asia Pacific) Ltd. 
Unit No. 2520-2525 

Tower 1, Metroplaza 

Hing Fong Road, Kwai Fong 
N.T., Hong Kong 

Tel: 852 410 2760 

Fax: 852 418 1600 


Korea 


Memec (Asia Pacific) Ltd. 
JE Woong Bidg. Third Floor 
176-11 Nonhyum-Dong 
Kangnam-ku 

Seoul, Korea 

Tel: 82 2 518 8181 

Fax: 822518 9419 


Singapore 


Memec (Asia Pacific) Ltd. 
Singapore Representative Office 
10 Anson Road #14-02 
International Plaza 

Singapore 0207 

Tel: 65 222 4962 

Fax: 65 222 4939 


Taiwan 


Memec (Asia Pacific) Ltd. 
14F-1, No. 171, Sec. 5, 
Min Sheng East Road 
Hai Hwa Bldg. 

Taipei, Taiwan 

Tel: 886 2 7602028 

Fax: 886 2 7651488 


CANADA 
Alberta 


Enerlec Sales, Ltd. 

37 Evergreen Terrace 
Calgary, Alb. T2Y 2V9 
Tel: 403 256 3627 
Fax: 403 254 9121 


British Columbia 


Enerlec Sales, Ltd. 

3671 Viking Way #7 
Richmond, B.C. V6V 1W1 
Tel: 604 273 0882 

Fax: 604 273 0884 
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Ontario 


Dynasty Components, Inc. 
1140 Morrison Drive - Unit 110 
Ottawa, Ontario K2H 859 

Tel: 613 596 9800 

Fax: 613 596 9886 


Dynasty Components, Inc. 
357 Hillsdale Avenue, E. 
Toronto, Ontario M4S 1T9 
Tel: 416 587 2278 

Fax: 416 489 3527 


uebec 


Dynasty Components, Inc. 
1870 Blvd. des Sources, # 304 
Pointe Claire, P.Q. H9R 5N4 
Tel: 514 984 5342 

Fax: 514 694 6826 


EUROPE 


ireland 


Eltech Agencies Ltd. 
27 Maccurtain Street 
Cork 

Tel: 353 21 509366 
Fax: 353 21 509344 


MEXICO 

CompTech de Mexico 

An Morelos Sur 882 

Col Centro 

Cuernavaca, Morelos 

CP62000 Mexico 

Tel: 52 73 122733, 52 73 142864 
52 73 183572 

Fax: 52 73 126368 


Electronica Seta, S.A. de C.V. 

Galeana No. 114-20 Piso 

La Loma, Tlalnepantla 

54060 Edo. de Mexico 

Tel: 390 77 13, 390 82 87, 
390 44 91, 390 85 26, 
390 58 95 

Fax: 390 94 68 


Semiconductores Profesionales 
Madrid No. 55 
Col. Del Carmen Coyoacan 
04100 Mexico, D.F. 
Tel: 658 60 11, 658 67 80, 

658 36 61, 659 47 56 
Fax: 658 60 44 
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SOUTH AMERICA 
Argentina 


Ibars Electronic Corporation 
7760 W. 20th Avenue 

Suite 2 

Hialeah, FL 33016 U.S.A. 
Tel: 305 557 6305/06 

Fax: 305 557 7429 


Brazil 


Aplicacoes Eletronicas Artimar Ltda. 
Rua Marques De Itu, 70-10 And. 
Caixa Postal 5881 e 9498 

CEP 01223 - Sao Paulo, Brazil 
Tel: 231 0277 

Fax: 255 0511 


Columbia 


Ibars Electronic Corporation 
7760 W. 20th Avenue 

Suite 2 

Hialeah, FL 33016 U.S.A. 
Tel: 305 557 6305/06 

Fax: 305 557 7429 


Venezula 


Ibars Electronic Corporation 
7760 W. 20th Avenue 

Suite 2 

Hialeah, FL 33016 U.S.A. 
Tel: 305 557 6305/06 

Fax: 305 557 7429 


USA 


Alabama 


Electramark, Inc. 

500 Wynn Drive, Suite 521 
Huntsville, AL 35816 

Tel: 205 830 4400 

Fax: 205 830 4406 


Arizona 


Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 

Tel: 602 860 2702 

Fax: 602 860 2712 


Arkansas 


CompTech Sales, Inc. 
18700 Woodbriar Lane 
Catoosa, OK 74015 
Tel: 918 266 1966 
Fax: 918 266 1808 
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California 


Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408 733 9000 

Fax: 408 733 9970 


Competitive Technology, Inc. 
200 Baha Street, Suite 101 
Costa Mesa, CA 92626 

Tel: 714 540 5501 

Fax: 714 540 5171 


Eagle Technical Sales 
1900 Sunset Drive, Suite A 
Escondido, CA 92025 

Tel: 619 743 6550 

Fax: 619 743 6585 


Colorado 


Western Region Marketing, inc. 
9176 Marshall Place 
Westminster, CO 80030 

Tel: 303 428 8088 


Fax: 303 426 8585 
Connecticut 


S-J Associates Inc. 

10 Copper Ridge Circle 
Guilford, CT 06437 
Tel: 203 458 7558 

_ Fax: 203 458 1181 


_ S-J Associates Inc. 

15 Coventry Lane 
Naugatuck, CT 06770 
Tel: 203 723 4707 
Fax: 203 723 1629 


Delaware 


S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609 866 1234 
Fax: 609 866 8627 


Florida 


Electramark Florida, Inc. 
14021-B North Dale Mabry 
Tampa, FL 33618 

Tel: 813 962 1882 

Fax: 813 961 0664 


Electramark Florida, Inc. 

401 Whooping Loop, Suite 1565 
Altamonte Springs, FL 32701 
Tel: 407 830 0844 | 

Fax: 407 830 0847 


Florida (cont.) 


Electramark Florida, Inc. 
10360 NW 18 Manor 
Plantation, FL 33322 
Tel: 305 424 2872 

Fax: 305 452 1974 


Georgia 


Electramark, Inc. 
6030H Unity Drive 
Norcross, GA 30071 
Tel: 404 446 7915 
Fax: 404 263 6389 


lilinois 


Spectrum Sales 

100 St. Francois Street 
Suite 114 

Florissant, MO 63031 
Tel: 314 921 1313 
Fax: 314 921 0701 


Janus Incorporated 
650 E. Devon Ave. 
Itasca, IL 60143 

Tel: 708 250 9650 
Fax: 708 250 8761 


Indiana 


Electro Reps, Inc. 

125 Airport North Office Park 
Fort Wayne, IN 46825 

Tel: 219 489 8205 

Fax: 219 489 8408 


Electro Reps, Inc. 

7240 Shadeland Station #275 
Indianapolis, IN 46256 

Tel: 317 842 7202 

Fax: 317 841 0230 


lowa 


Spectrum Sales 

1364 Elmhurst Dr. NE 
Cedar Rapids, IA 52402 
Tel: 319 366 0576 : 
Fax: 319 366 0635 


Kansas 


Spectrum Sales 

5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913 648 6811 

Fax: 913 648 6823 


Kentucky 


Electro Reps, Inc. 

7240 Shadeland Station #275 
Indianapolis, IN 46256. 

Tel: 317 842 7202 

Fax: 317 841 0230 


TMC Electronics 
7838 Laurel Avenue 
Cincinnati, OH 45243 
Tel: 513 271 3860 
Fax: 513 271 6321 


Louisiana 


CompTech Sales, Inc. 
15415 Katy Fwy., Suite 209 
Houston, TX 77094 

Tel: 713 492 0005 

Fax: 713 492 6116 


Comptech Saies, inc. 

2401 Gateway Dr., Suite 114 
Irving, TX 75063 

Tel: 214 751 1181 

Fax: 214 550 8113 


Maryland 


S-J New York 

265 Sunrise Highway 
Rockville Centre, NY 11570 
Tel: 516 536 4242 

Fax: 516 536 9638 


Massachusetts 


S-J Associates Inc. 

44 Mall Road 
Burlington, MA 01803 
Tel: 617 272 5552 
Fax: 617 272 5515 


Michigan 

J.L. Montgomery Associates, Inc. 
2215 Oak Industrial Drive N.E. 
Grand Rapids, MI 49505 

Tel: 616 458 5490 

Fax: 616 458 5709 


Minnesota 


Com-Tek Sales, Inc. 
6525 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612 941 7181 
Fax: 612 941 4322 
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Mississippi 

Electramark, Inc. 

4910 Corporate Dr., Suite J 
Huntsville, AL 35805 

Tel: 205 830 4400 

Fax: 205 830 4406 


Missouri 


Spectrum Sales 

100 St. Francois Street, Suite 114 
Florissant, MO 63031 

Tel: 314 921 1313 

Fax: 314 921 0701 


Spectrum Sales 

5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913 648 6811 

Fax: 913 648 6823 


Nebraska 


Spectrum Sales 

5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913 648 6811 

Fax: 913 648 6823 


Nevada 


Western High Tech Marketing, Inc. 


(Clark County Only) 

9414 E San Salvador, Suite 206 
Scottsdale, AZ 85258 

Tel: 602 860 2702 

Fax: 602 860 2712 


New Jersey 


Parallax 

734 Walt Whitman Rd. 
Melville, NY 11747 
Tel: 516 351 1000 
Fax: 516 351 1606 


S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609 866 1234 
Fax: 609 866 8627 


New Mexico 


Western High Tech Marketing, Inc. 


9414 E San Salvador, Suite 206 
Scottsdale, AZ 85258 

Tel: 505 884 2256 

Fax: 505 884 2258 


New York 


Apex Associates, Inc. 
1210 Jefferson Rd. 
Rochester, NY 14623 
Tel: 716 272 7040 
Fax: 716 272 7756 


S-J New York 

265 Sunrise Highway 
Rockville Centre, NY 11570 
Tel: 516 536 4242 

Fax: 516 536 9638 


Parallax 

734 Walt Whitman Road 
Melville, NY 11747 

Tel: 516 351 1000 

Fax: 516 351 1606 


North Carolina 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919 782 8433 
Fax: 919 782 8476 


North Dak 


Comp-Tech Sales, Inc. 
6525 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612 941 7181 

Fax: 612 941 4322 


Ohio 


TMC Electronics 

9200 Montgomery Road 
Suite 11A 

Cincinnati, OH 45242 
Tel: 513 984 6720 

Fax: 513 984 6874 


TMC Electronics 

7017 Pearl Rd. 

Middleburg Heights, OH 44130 
Tel: 216 885 5544 

Fax: 216 885 5011 


Oklahoma 


CompTech Sales, Inc. 
18700 Woodbriar Lane 
Catoosa, OK 74015 
Tel: 918 266 1966 
Fax: 918 266 1808 


Oregon 


Micro Sales 

1865 NW 169th Place, Suite 210 
Beaverton, OR 97006 

Tel: 503 645 2841 

Fax: 503 645 3754 


Pennsylvania 


S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609 866 1234 
Fax: 609 866 8627 


TMC Electronics 
(Western Pennsylvania) 
7838 Laurel Avenue 
Cincinnati, OH 45243 
Tel: 513 271 3860 
Fax: 513 271 6321 


Rhode Island 
S-J New England 


- 44 Mall Road 


Burlington, MA 01803 
Tel: 617 272 5552 
Fax: 617 272 5515 


South Carolina 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919 782 8433 
Fax: 919 782 8476 


South Dakota 


CompTech Sales, Inc. 
6525 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612 941 7181 

Fax: 612 941 4322 


Tennessee 


Electramark, Inc. 

(Western Tennessee) 
4910 Corporate Dr., Suite J 
Huntsville, AL 35805 

Tel: 205 830 4400 

Fax: 205 830 4406 


Zucker Associates 
(Eastern Tennessee) 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919 782 8433 
Fax: 919 782 8476 
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Texas 





CompTech Sales, Inc. 

11130 Jollyville Rd., Suite 200 
Austin, TX 78759 

Tel: 512 343 0300 

Fax: 512 345 2530 


CompTech Sales, Inc. 
3120 Wheeling Road 
El Paso, TX 79930 
Tel: 915 566 1022 
Fax: 915 566 1030 


CompTech Sales, Inc. 
15415 Katy Fwy., Suite 209 
Houston, TX 77094 

Tel: 713 492 0005 

Fax: 713 492 6116 


CompTech Sales, Inc. 

2401 Gateway Dr., Suite 114 
Irving, TX 75063 

Tel: 214 751 1181 

Fax: 214 550 8113 


CompTech Sales, Inc. 

85 NE Loop 410, Suite 202 
San Antonio, TX 78216 
Tel: 2105259913 
Fax: 210 979 0311 


CompTech Sales, Inc. . 
505 E. Jackson, Suite 300 
Harlingen, TX 78550 © 
Tel: 512 421 4501 

Fax: 512 421 3265 


Utah 


Western Region Marketing, Inc. 
3539 S Main - Suite 210 

Salt Lake City, UT 84115 

Tel: 801 268 9768 

Fax: 801 268 9796 


Virginia 

S-J Chesapeake 

900 S. Washington Street 
Suite B2 7 
Falls Church, VA 20046 
Tel: 703 533 2233 

Fax: 703 533 2236 


Washington 


Micro Sales 

2122-112th Avenue, NE 
Bellevue, WA 98004-1493 
Tel: 206 451 0568 

Fax: 206 453 0092 
West Virginia 

TMC Electronics 

7838 Laurel Avenue 
Cincinnati, OH 45243 
Tel: 513 271 3860 

Fax: 513 271 6321 


Wisconsin 


Janus, Inc. 

375 Williamstowne 
Delafield, WI 53018 
Tel: 414 646 5420 
Fax: 414 646 5421 


Wyoming 


Western Region Marketing, Inc. 
9176 Marshall Place 
Westminster, CO 80030 

Tel: 303 428 8088 

Fax: 303 426 8585 
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AFRICA 
South Africa 


Pace Electronic Components Pty 
Cnr. Van Acht & Gewel Streets 
P.O. Box 701 

Isando 1600, Transvaal 

Tel: 11974 1211 

Fax: 11974 1271 


ASIA 


Hong Kong 


Maxisum Limited 

Unit 2520-2525 Tower 1 
Metroplaza, Hing Fong Road 
Kwai Fong, N.T., Hong Kong 
Tel: 852 4180909 

Fax: 852 4181600 


Japan 


Dainichi Contronics Inc. 
Dainichi Bldg. 1-7 Karaku 
1-Chome, Bunkyo-Ku 
Tokyo 112, Japan 

Tel: 3 3818 8081 

Fax: 3 3818 8088 


Marubeni Hytech Co., Ltd. 
Marubeni Hytech Building 
4-20-22, Koishikawa 
Bunkyo-Ku 

Tokyo 112, Japan 

Tel: 3 817 4921 

Fax: 3 817 4880 


Nippon Precision Device Corp. 
Nichibei Time 24 Bldg. 

35 Tansu-Cho, Shinjuku-Ku 
Tokyo 162, Japan 

Tel: 3 3260 1411 

Fax: 33260 7100 


Korea 


ProChips Inc. 

779-12, Daelim 3-Dong 
Youngdeungpo-Ku 
Seoul, Korea 

Tel: 02 849 8567 

Fax: 02 849 8659 


Taiwan, R.O.C. 


Pinnacle Technologies Co. Ltd. 
3F, 5 Lane 768, Sec. 4 

Pa-Teh Road 

Taipei, Taiwan 

Tel: 02 788 4800 

Fax: 02 788 5969 





Solomon Technology Corp. 
5th Floor, No. 293, Sec. 5 
Chung Hsiao E. Rd. 
Taipei, Taiwan 

Tel: 886 2 760 5858 

Fax: 886 2 756 9959 


AUSTRALIA 

NSD Australia 

205 Middleborough Road 
Box Hill, Victoria 3128 
Tel: 61 03 890 0970 
Fax: 6103 899 5191 


CANADA 


Al a 


Future Electronics 

3833 - 29th Street N.E. 
Calgary, Alberta, TIY 6B5 
Tel: 403 250 5550 

Fax: 403 291 7054 


Farnell Electronic Services 
3015 - 5th Ave. 

Suite 210 

Calgary, Alberta, T2A 6T8 
Tel: 403 273 2780 

Fax: 403 273 7458 


Future Electronics 

4606 - 97th Street 
Edmonton, Alberta, T6E 5N9 
Tel: 403 438 2858 

Fax: 403 434 0812 


Semad Electronics 

6815 8th St. N.E., Ste. 175 
Calgary, Alberta, T2E 7H7 
Tel: 403 252 5664 

Fax: 1 800 565 9779 


British Columbia 


Future Electronics 

1695 Boundary Road 
Vancouver, B.C., V5K 4X7 
Tel: 604 294 1166 

Fax: 604 294 1206 


Farnell Electronic Services 
8525 Baxter Place, Unit 101 
Production Court 

Burnaby, B.C., V5A 4V7 
Tel: 604 421 6222 

Fax: 604 421 0582 


Semad Electronics 
3700 Gilmore Way 
Burnaby, B.C., VSG 4M1 
Tel: 604 451 3444 
Fax: 604 451 3445 


Manitoba 


Future Electronics 

106 King Edward 

Winnipeg, Manitoba, R3H ON8 
Tel: 204 786 7711 

Fax: 204 783 8133 


Farnell Electronic Services 
1313 Border Street, Unit 35 
Winnipeg, Manitoba, R3H OX4 
Tel: 204 697 2300 

Fax: 204 697 2293 


Ontario 


Future Electronics 

1050 Baxter Road 
Ottawa, Ontario, K2C 3P2 
Tel: 613 820 8313 

Fax: 613 820 3271 


Farnell Electronic Services 
39 Robertson Road 

Suite 506, Bell Mews 
Nepean, Ontario, K2H 8R2 
Tel: 613 596 6980 

Fax: 613 596 6987 


Semad Electronics 

2781 Lancaster Road, Suite 302 
Ottawa, Ontario, K1B 1A7 

Tel: 613 526 4866 

Fax: 613 523 4372 


Future Electronics 

5935 Airport Road, Suite 200 
Mississauga, Ontario, L4V IW5 
Tel: 416 612 9200 

Fax: 416 612 9185 


Farnell Electronic Services 
300 N. Rivermede Road 
Concord, Ontario, L4K 224 
Tel: 416 798 4884 

Fax: 416 798 4889 


Semad Electronics 

85 Spy Court 

Markham, Ontario, L8R 4Z4 
Tel: 416 475 3922 

Fax: 416 475 4158 
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uebec 


Farnell Electronic Services 
6600 Trans Canada Highway | 


Pointe-Claire, Quebec H9R 4S2 » 


Tel: 514 694 7710 
Fax: 514 694 9989 


Semad Electronics 

243 Place Frontenac 

Pointe Clare, Quebec, H9R 4Z7 
Tel: 514 694 0860 

Fax: 514 694 0965 


Future Electronics 

1000 Ave. St. Jean Baptiste 
Suite 100 | 
Quebec City, Quebec, G2E 5G5 
Tel: 418 877 6666 

Fax: 418 877 6671 


Future Electronics 

237 Hymas Blvd. 

Point Claire P.Q. H9R 5C7 
Tel: 514 694 7710 

Fax: 514 695 3707 


EUROPE 


Austria 


Elbatex Electronics GmbH 
-Rotermuehligasse 26 
A-1120 Wien 

Tel: 43 222 8135646 

Fax: 43 222 834276 


Elbatex Gruppe 
Eitnergasse 6 

A1233 Wien 

Tel: 43 1 81602 0 
Fax: 43 1 863211 201 


Belgium 


Sonetech N.V. 

De Limburg Stirumlaan 243 
Bus 3 

B-1780 Wemmel 

Tel: 32 2 460 0707 

Fax: 32 2 460 1200 — 


Portugal 


Digicontrole 

Dpt Comercial 

Ave. Eng Arantes E Oliveira 52d 
1900 Lisboa 


Denmark 


Exatec A/S 
Mileparken 20E 
2740 Skoviund 
Tel: 45 44 92 7000 
Fax: 45 44 92 6020 


England 


Eiger Technology Ltd. 

14 Howard Court 

Manor Park Avenue 

Manor Park Runcorn 
Cheshire, England WA7 1SJ 
Tel: 44 928 579009 

Fax: 44 928 579123 


Farnell Electronics 
Canal Road 

Leeds, LS12 2TU 
Tel: 44 532 636311 


Fax: 44 532 633411 


Future Electronics Ltd. 
Future House Poyle Road 
Colnbrook, Berks, SL3 0EZ 
Tel: 44 753 687000 

Fax: 44 753 689100 


H.B. Electronics Ltd. 

Lever Street 

Bolton, Lancashire, BL3 6BJ 
Tel: 44 204 2 5544 

Fax: 44 204 384911 


Hawke Components Ltd. 

26 Campbell Court 

Bramley 

NR Basingstoke, Hants, RG26 5EG 
Tel: 44 256 880800 

Fax: 44 256 880325 


Farnell Electronic Services 
346 Edinburgh Ave. 
Slough, Berks, SL1 4TU 
Tel: 44 753 824131 

Fax: 44 753 824160 


Polar Electronics PLC 
Cherrycourt Way 
Leighton Buzzard 
Bedfordshire LU7 8YY 
Tel: 44 525 377093 
Fax: 44 525 378367 


France 


Farnell Electronic Services 
16 Avenue des Andes | 
ZA de Courtaboeuf - BP 16 
91941 LES ULIS Cedex A 
Tel: 33 164 460200 

Fax: 33 1 64 463898 


Mecodis 

Parc d’Activites 

3 Allee des Erables 
94042 CRETEIL Cedex 
Tel: 33 1 43 994400 
Fax: 33 1 43 999828 


Germany 


Avnet E2000 GmbH 
Stahlgruberring 12 
D-81801 Muenchen 82 
Tel: 089 45110 01 
Fax: 089 45110 210 


Future Electronics Deutschland 
Munchner Strasse 18 

85774 Unterfohing 

Munich, Germany 

Tel: 49 89 957 1950 

Fax: 49 89 957 1940 


Metronik GmbH 
Leonhardsweg 2 
D82003 Unterhaching 
Tel: 89 611080 

Fax: 89 6112246 


Rutronik RSC-Halbleiter GmbH 
Industriestr 2 

75228 Ispringen/Pforzheim 
Germany 

Tel: 49 07231 8010 

Fax: 49 07231 82282 


Semitron W. Roeck & Co. 
Im Gut 1 

D79790 Kuessaberg 

Tel: 49 7742 80010 

Fax: 49 7742 6901 


Greece 


P. Caritato & Associates S.A. 
lia Iliou 31 

Athens 11743 

Tel: 30 1 9020115 

Fax: 30 1 9017024 
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israel 





Elina Electronics Ltd. 

14 Raoul Wallenberg St. 
P.O. Box 13190 

Tel Aviv 61131 

Tel: 9723 498543 
Fax: 9723 498745 


Italy 


Eurelettronica Srl 
Viale E. Fermi 8 
20090 Assago Milano 
Tel: 39 2 457 841 
Fax: 39 2 488 0275 


Farnell Spa 

Viale Milanofiori E/5 
20090 Assago Milano, 
Tel: 39 2 8247 0215 
Fax: 39 2 8247 0278 


Kevin 

Via del Gradenigo, 3 
20148 Milano 

Tel: 39 2 4870 6300 
Fax: 39 2 4870 6500 


Netherlands 


Semicon B.V. 
Gulberg 33 

P.O. Box 258 
NL-5670 AG Nuenen 
Tel: 31 40 837075 
Fax: 31 40 832300 


Norwa 


Odin Elektronik AB 

P.O. Box 9376 Gronlund 
N0135 Oslo 

Tel: 47 22677 290 
Fax: 47 677 380 


Spain 

Sagitron 

Corazon de Maria 80/82 
28002 Madrid 

Tel: 34 1416 9261 

Fax: 34 1415 8652 


Sweden 


MEMEC Scandinavia AB 
Kvarnholmsvagen 52 
131 31 Nacka 

Tel: 46 8 6434190 

Fax: 46 8 6431195 


Switzerland 


Elbatex Gruppe AG 
Hardstr. 72 

CH-5430 Wettingen 
Tel: 411 56 275111 
Fax: 411 56 275454 


Ellyptic AG 
Fellenbergsuresse 281 
CH 8047 Zurich 


Semitron W. Roeck & Co. 
Promenadenstrasse 6 
CH 8437 Zurich 


Turkey 


Inter Muehendislik Danismanlik 
Ve Ticaret A.S.1 

Hasircibasi Caddesi No. 55 
81310 Kadikoy 

Istanbul 

Tel: 90 1349 9400 

Fax: 90 1 349 94 30 


SOUTH AFRICA 


Isando 


Pace Electronic Components Ltd. 


Cnr. Vanacht & Gewel Streets 
P.O. Box 701 

lsando 1600, Transvaal 

Tel: 27 11 974 1211/6 

Fax: 27 11 974 1271 


SOUTH AMERICA 


Brazil 





Aplicacoes Electronicas Artimar 
Rue Marques de Itu,70-1- AND. 
Caixa Postal 5881*9498 

Cep 01223 

Sao Paulo, Brazil 

Tel: 55112310277 

Fax: 55112550511 


USA 


Alabama 


Future Electronics 

4835 University Square, Suite 12 
Huntsville, AL 35816 

Tel: 205 830 2322 

Fax: 205 830 6664 


Pioneer Technologies 
4835 University Square #5 
Huntsville, AL 35816 

Tel: 205 837 9300 

Fax: 205 837 9358 


Arizona 


Bell Industries 

140 S. Linden Lane #102 
Tempe, AZ 85281 

Tel: 602 966 3600 

Fax: 602 967 6584 


Future Electronics 
4636 E. University Dr. 
Suite 245 

Phoenix, AZ 85034 
Tel: 602 968 7140 
Fax: 602 968 0334 


California 


Bell Industries 

1161 N. Fairoaks Ave. 
Sunnyvale, CA 94089 
Tel: 408 734 8570 
Fax: 408 734 8875 


Future Electronics 
2220 O’Toole Avenue 
San Jose, CA 95131 
Tel: 408 434 1122 
Fax: 408 433 0822 


Pioneer Technical Products 
134 Rio Robles 

San Jose, CA 95134 

Tel: 408 954 9100 

Fax: 408 954 9113 


Bell Industries 

4311 Anthony Court, Suite 100 
Rocklin, CA 95677 

Tel: 916 652 0414 

Fax: 916 652 0403 


Bell Industries 

220 Technology Drive, Suite 100 
Irvine, CA 92718 

Tel: 714 727 4500 

Fax: 714 453 4610 


Bell Industries 

30101 Agoura Court, Suite 118 
Agoura Hills, CA 91301 

Tel: 818 865 7900, 1 800 256 6666 
Fax: 818 991 7695 


Future Electronics 

27489 W. Agoura Road, Suite 300 
Agoura Hills, CA 91301 

Tel: 818 865 0040, 1 800 876 6008 
Fax: 818 865 1340 
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California (cont.) 


Pioneer Standard 

5126 Clareton Drive #160 
Agoura Hills, CA 91301 
Tel: 818 865 5800 

Fax: 818 865 5814 


Future Electronics 
1692 Browning Ave. 
Irvine, CA 92714 
Tel: 714 250 4141 
Fax: 714 250 4185 


Pioneer Standard 

217 Technology Drive #110 

Irvine, CA 92718 

Tel: 714 573 5090, 1 800 535 1430 
Fax: 714 753 5074 


Aegis Electronic Group, Inc. 
1015 Chestnut Ave. 

Suite G2 

Carlsbad, CA 92008 

Tel: 619 729 2026 


Fax: 619 729 9295 


Bell Industries 

5520 Ruffin Road, Suite 209 
San Diego, CA 92123 

Tel: 619 576 3294 

Fax: 714 453 4610 


Future Electronics 
5151 Shoreham Place 
Suite 220 

San Diego, CA 92122 
Tel: 619 625 2800 
Fax: 619 625 2810 


Pioneer Standard 

4370 La Jolla Village Dr., 4th Floor 
San Diego, CA 92122 

Tel: 619 546 4906 

Fax: 619 535 8154 


Colorado 


Bell Industries 

1873 S. Bellaire St. 
Denver, CO 80222 
Tel: 303 691 9010 
Fax: 303 691 9036 


Future Electronics 
12600 W. Colfax Avenue 
Suite B110 

Lakewood, CO 80215 
Tel: 303 232 2008 

Fax: 303 232 2009 


Connecticut 


Future Electronics 

700 West Johnson Ave. 
Cheshire, CT 06410 
Tel: 203 250 0083 

Fax: 203 250 0081 


Phase 1 Technology Corporation 
36A Padanarm Road 

Danbury, CT 06811 

Tel: 203 791 9042 

Fax: 201 790 6128 


Pioneer Standard 
Two Trap Falls #101 
Shelton, CT 06484 
Tel: 203 929 5600 
Fax: 203 929 9791 


Florida 

Beil ingustries 

650 S. Northlake Blvd, Suite 400 
Altamonte Springs, FL 32701 
Tel: 407 339 0078 

Fax: 407 339 0139 


Future Electronics 

650 S. Northlake Blvd. 

Suite 520 

Altamonte Springs, FL 32701 
Tel: 407 767 8414 

Fax: 407 834 9318 


Pioneer Technologies 

337 South-North Lake #1000 
Altamonte Springs, FL 32701 
Tel: 407 834 9090 

Fax: 407 834 0865 


Future Electronics 
2200 Tall Pines Drive 
Suite 108 

Largo, FL 34641 

Tel: 813 530 1222 
Fax: 813 538 9598 


Pioneer Technologies 

674 S. Military Trail 
Deerfield Beach, FL 33442 
Tel: 305 428 8877 

Fax: 305 481 2950 


Georgia 


Pioneer Technologies 

4250 C Rivergreen Parkway 
Duluth, GA 30136 

Tel: 404 623 1003 

Fax: 404 623 0665 


Georgia 


Bell industries . 
3020 Business Park Drive 
Suite A | tag 
Norcross, GA 30071 

Tel: 404 446 7167 

Fax: 404 446 7264 


Future Electronics 

3150 Holcomb Bridge Road 
Suite 130 

Norcross, GA 30071 

Tel: 404 441 7676 

Fax: 404 441 7580 


illinois 


Bell Industries 

870 Cambridge Drive 

Elk Grove Village, IL 60007 
Tel: 708 640 1910 

Fax: 708 640 1942 


Future Electronics 

3150 W. Higgins Rd., Suite 160 
Hoffman Estates, IL 60195 
Tel: 708 882 1255 — 

Fax: 708 490 9290 


Pioneer Standard 

2171 Executive Drive #200 
Addison, IL 60101 

Tel: 708 495 9680 

Fax: 708 495 9831 


Indiana 


Bell Industries 

3433 E. Washington Bivd. 
Fort Wayne, IN 46803 
Tel: 219 422 4300 

Fax: 219 423 3420 


Bell industries 

5230 W. 79th St. 
Indianapolis, IN 46268 
Tel: 317 875 8200 
Fax: 317 875 8219 


Future Electronics 

8425 Woodfield Crossing 
Suite 175 

Indianapolis, IN 46240 
Tel: 317 469 0477 

Fax: 317 469 0448 


Pioneer Standard 

9350 N. Priority Way W. Dr. 
Indianapolis, IN 46240 

Tel: 317 573 0880 

Fax: 317 573 0979 





DS00056G-page 4 


12-12 


© 1994 Microchip Technology Inc. 


Distributors 





Kansas 


Future Electronics 

8826 Santa Fe Drive, Suite 150 
Overland Park, KS 66212 

Tel: 913 649 1531 

Fax: 913 649 1786 


Maryland 


Bell Industries 

8945 Guilford Rd., Suite 130 
Columbia, MD 21046 

Tel: 410 290 5100 

Fax: 410 290 8006 


Future Electronics 

6716 Alexander Bell Drive #101 
Columbia, MD 21046 

Tel: 410 290-0600 

Fax: 410 290 0328 


Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Tel: 301 921 0660 

Fax: 301 921 4255 


Vantage Components, Inc. 
6925 R. Oakland Mills Road 
Columbia, MD 21045 

Tel: 401 720 5100 

Fax: 401 381 2172 


Massachusetts 


Bell Industries 

100 Burtt Road, Suite 106 
Andover, MA 01810 

Tel: 508 474 8880 

Fax: 508 474 8902 


Future Electronics 
41 Main Street 
Bolton, MA 01740 
Tel: 508 779 3000 
Fax: 508 779 5143 


Pioneer Standard 

44 Hartwell Ave. 
Lexington, MA 02173 
Tel: 617 861 9200 
Fax: 617 863 1547 


Michigan 

Future Electronics 

35200 Schoolcraft Road, Suite 106 
Livonia, MI 48150 

Tel: 313 261 5270 

Fax: 313 261 8125 


Future Electronics 

4505 Broadmoor SE 
Grand Rapids, MI 49512 
Tel: 616 698 6800 

Fax: 616 698 6821 


Pioneer Standard 

4595 Broadmoor, Suite 235 
Grand Rapids, MI 49512 
Tel: 616 698 1800 

Fax: 616 698 1831 


Pioneer Standard 

44190 Plymouth Oaks Drive 
Plymouth, Mi 48170 

Tel: 313 416 2157 

Fax: 313 416 2415 


Minnesota 


Digi-Key Corporation 

701 Brooks Ave. So. 

P.O. Box 677 

Thief River Falls, MN 55344 
Tel: 218 681 6674 

Fax: 218 681 3380 


Future Electronics 
10025 Valley View Road, Suite 196 
Eden Prairie, MN 55344 

Tel: 612 994 2200 

Fax: 612 994 2520 


Pioneer Standard 

7625 Golden Triangle 
Eden Prairie, MN 55344 
Tel: 612 944 3355 

Fax: 612 944 3794 


Missouri 


Future Electronics 

12125 Woodcrest Executive Dr. 
Suite 220 

St. Louis, MO 63141 

Tel: 314 469 6805, 1 800 727 6805 
Fax: 314 469 7226 


New Jersey 


Bell Industries 

271 Route 46 West 
Suites F202-203 
Fairfield, NJ 07004 
Tel: 201 227 6060 
Fax: 201 227 2626 


Future Electronics 

12 East Stow Road, Suite 200 
Mariton, NJ 08053 

Tel: 609 596 4080 

Fax: 609 596 4266 


Future Electronics 
1259 Route 46 East 
Parsippany, NJ 07054 
Tel: 201 299 0400 
Fax: 201 299 1377 


Phase 1 Technology Corporation 
295 Molnar Drive 

Elmwood Park, NJ 07407 

Tel: 201 791 2990 

Fax: 201 791 2552 


Pioneer Standard 

14A Madison Road 
Fairfield, NJ 07006 
Tel: 201 575 3510 
Fax: 201 575 3454 


Vantage Components, Inc. 
23 Sebago Street 

Clifton, NJ 07013 

Tel: 201 777 4100 

Fax: 201 777 6194 


New Mexico 


Bell Industries 

11728 Linn N.E. 
Albuquerque, NM 87123 
Tel: 505 292 2700 

Fax: 505 275 2819 


New York 


Future Electronics 

200 Salina Meadows, Suite 130 
Syracuse, NY 13212 

Tel: 315 451 2371 

Fax: 315 451 7258 


Future Electronics 
300 Linden Oaks 
Rochester, NY 14625 
Tel: 716 272 1120 
Fax: 716 272 7182 
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New York (cont.) 


Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Tel: 716 381 7070 
Fax: 716 381 5955 


Pioneer Standard 

1249 Front Street, Suite 201 
Binghampton, NY 13904 
Tel: 607 722 9300 

Fax: 607 722 9562 


Phase 1 Technology Corporation 
46 Jefryne Blvd. 

Deer Park, NY 11729 

Tel: 516 254 2600 

Fax: 516 254 2693 


Future Electronics 

801 Motor Parkway 
Hauppauge, NY 11788 | 
Tel: 516 234 4000 | 


Fax: 516 234 6183 


Pioneer Standard 

60 Crossways Park West 
Woodbury, NY 11797 
Tel: 516 677 1726 

Fax: 516 921 2143 


Vantage Components, Inc. 
1056 West Jericho Turnpike 
Smithtown, NY 11787 

Tel: 516 543 2000 

Fax: 516 543 2030 


North Carolina 


Future Electronics 

5225 Capital Blvd. 

1 North Commerce Center 
Raleigh, NC 27604 

Tel: 919 790 7111 

Fax: 919 790 9022 


Pioneer Technologies 

2200 Gateway Centre Bivd. 
Suite 215 

Morrisville, NC 27560 

Tel: 919 460 1530 

Fax: 919 460 1540 


Ohio 


Future Electronics 

6009-E Landerhaven Dr. 
Mayfield Heights, OH 44124 
Tel: 216 449 6996 

Fax: 216 449 8987 





Future Electronics 

1430 Oak Court, Suite 203 
Beavercreek, OH 45430 
Tel: 513 426 0090 

Fax: 513 426 8490 


Pioneer Standard 
4800 East 131st St. 
Cleveland, OH 44105 
Tel: 216 587 3600 
Fax: 216 587 3906 


Bell Industries 


| Po Pe oe ees Ps aa, 
444 Windsor Park Drive 


Dayton, OH 45459 
Tel: 513 435 8660 
Fax: 513 435 6765 


Pioneer Standard 
4433 Interpoint Blvd. 
Dayton, OH 45424 
Tel: 513 236 9900 
Fax: 513 236 8133 


Pioneer Standard 

6421 East Main #201 
Reynoldsburg, OH 43068 
Tel: 614 221 0043 

Fax: 614 759 1955 


Bell Industries 
31200 Solon Road 
Solon, OH 44139 
Tel: 216 498 2002 
Fax: 216 498 2006 


Oklahoma 


Pioneer Standard . 
9717 E. 42nd St. 
Tulsa, OK 74146 
Tel: 918 664 7840 
Fax: 918 665 1891 


Oregon 


Bell Industries 

9275 S.W. Nimbus 
Beaverton, OR 97005 
Tel: 503 644 1500 
Fax: 503 520 1948 


Future Electronics 

15236 N.W. Greenbrier Pkwy. 
Beaverton, OR 97006 

Tel: 503 645 9454 

Fax: 503 645 1559 





Future Electronics 

12 E. Store Road, Suite 200 
Marlton, NJ 08053 

Tel: 609 596 4080 

Fax: 609 596 4266 


Bell Industries 

2550 Metropolitan Drive | 
Trevose, PA 19053 

Tel: 215 953 2800 

Fax: 215 364 4928 


Pioneer Technologies 

500 Enterprise Road 

Keith Valley Business Center 
Horsham, PA 21567 

Tel: 215 674 4000 

Fax: 215 674 3107 


Pioneer Standard 
259 Kappa Drive 
Pittsburgh, PA 15238 
Tel: 412 782 2300 
Fax: 412 963 8255 
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Texas 


Bell Industries 

1701 Greenville Ave., Suite 306 
Richardson, TX 75081 

Tel: 214 690 9096, 1 800 525 6666 
Fax: 214 690 0467, 1 800 444 0139 


Future Electronics 

800 E. Campbell, Suite 130 
Richardson, TX 75081 

Tel: 214 437 2437 

Fax: 214 669 2347 


Pioneer Standard 
13765 Beta Road 
Dallas, TX 75244 
Tel: 214 386 7300 
Fax: 214 490 6419 


Future Electronics 


9020 II Capital of Texas Highway N. 


Suite 610 

Austin, TX 78759 
Tel: 512 502 0991 
Fax: 512 502 0740 


Pioneer Standard 

1826-D Kramer Lane 

Austin, TX 78758 

Tel: 512 835 4000, 1 800 252 5004 
Fax: 512 835 9829 


Pioneer Standard 

8200 Interstate 10 W. #705 
San Antonio, TX 78230 
Tel: 210 377 3440 

Fax: 210 377 3626 


Future Electronics 

10333 Richmond Ave., Suite 970 
Houston, TX 77042 

Tel: 713 556 8696 

Fax: 713 589 7069 


Pioneer Standard 

10530 Rockley Road, Suite 100 
Houston, TX 77099 

Tel: 713 785 1155 

Fax: 713 785 4558 


Utah 


Bell Industries 

6912S. 185 West, Suite B 
Midvale, UT 84047 

Tel: 801 561 9691 

Fax: 801 255 2477 


Future Electronics 

3450 S. Highland Drive, Suite 301 
Salt Lake City, UT 84106 

Tel: 801 467 4448 

Fax: 801 467 3604 


Washington 


Bell Industries 

8553,- 154th Ave. N.E. 
Redmond, WA 98052 
Tel: 206 867 5410 
Fax: 206 867 5159 


Future Electronics 

19102 N. Creek Parkway South 
Suite 118 

Bothell, WA 98011 

Tel: 206 489 3400 

Fax: 206 489 3411 


Wisconsin 


Bell Industries 

W. 226 N. 900 Eastmound Dr. 
Waukesha, WI 53186 

Tel: 414 547 8879 

Fax: 414 547 6547 


Future Electronics 
250 N. Patrick Blvd. 
Suite 170 

Brookfield, WI 53045 
Tel: 800 999 8079 
Fax: 414 879 0250 


Pioneer Standard 

120 Bishops Way #163 
Brookfield, WI 53005 
Tel: 414 784 3480 
Fax: 414 784 8207 


thorized t 
b é cts 


Rochester Electronics, Inc. 
10 Malcolm Hoyt Drive 
Newburyport, MA 01950 
Tel: 508 462 9332 

Fax: 508 462 9512 
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AMERICAS 


Corporate Office 
Microchip Technology Inc. 
2355 West Chandler Blvd. 
Chandler, AZ 85224-6199 
Tel: 602 786-7200 


Atlanta 

Microchip Technology Inc. 
1521 Johnson Ferry Road NE, Suite 170 
Marietta, GA 30062 
Tel: 404 509-8800 


Boston 

Microchip Technology Inc. 
Five The Mountain Road, Suite 120 
Framingham, MA 01701 
Tel: 508 820-3334 


Chicago 

Microchip Technology Inc. 
665 Tollgate Road, Unit C 
Elgin, IL 60123-9312 

Tel: 708 741-0171 


Dallas 

Microchip Technology Inc. 
17480 N Dallas Parkway, Suite 114 
Dallas, TX 75287 
Tel: 214 733-0391 


Fax: 602 899-9210 


Fax: 404 509-8600 


Fax: 508 820-4326 


Fax: 708 741-0638 


Fax: 214 250-4631 


AMERICAS (continued) 


Los Angeles 
Microchip Technology Inc. 
18201 Von Karman, Suite 455 
Irvine, CA 92715 
Tel: 714 263-1888 


New York 

Microchip Technology Inc. 
150 Motor Parkway, Suite 416 
Hauppauge, NY 11788 
Tel: 516 273-5305 


San Jose 

Microchip Technology Inc. 
2107 N First Street, Suite 590 
San Jose, CA 95131 
Tel: 408 436-7950 


ASIA/PACIFIC 
Microchip Technology Inc. 
Unit No. 2520-2525 

Tower 1, Metroplaza 

Hing Fong Road, Kwai Fong 
N.T., Hong Kong 


Tel: 852 410 2715 Fax 


Fax: 


Fax: 


Fax: 


714 263-1338 


916 273-5335 


408 436-7955 


> 852 401 3431 


EUROPE 


United Kingdom 

Arizona Microchip Technology Ltd. 

Unit 6, The Courtyard 

Meadow Bank, Furlong Road 

Bourne End, Buckinghamshire SL8 5AJ 

Tel: 44 0628 851 077 Fax: 44 0628 850 259 


Germany 

Arizona Microchip Technology GmbH 

Alte Landstrasse 12-14 

85521 Ottobrunn, Germany 

Tel: 49 089 609 6072 Fax: 49 089 609 1997 


France 

Arizona Microchip Technology SARL 

2, Rue Du Buisson aux Fraises 

F-91300 Massy, France 

Tel: 33 01 6930 9090 Fax: 33 01 6930 9079 


Italy 

Arizona Microchip Technology SARL 

Centro Direzionale Colleoni 

Palazzo Pegaso Ingresso No. 2 

Via Paracelso 23 

Brianza (M1), Italy 

Tel: 39 039 689 9933 Fax: 39 039 602 1585 


JAPAN 


Microchip Technology International Inc. 
Shinyokohama Gotoh Bldg. 8F, 3-22-4 
Shinyokohama, Kohoku-Ku, Yokohama-Shi 
Kanagawa 222 Japan 


Tel: 81 45 471-6166 Fax: 81 45 471-6122 
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